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(54) Positive photosensitive composition 

(57) A positive photosensitive composition comprising: 

a compound represented by formula (I) or (1) and a conpound represented by formula (II) as compounds which 
generate a sulfonic acid upon Irradiation with actinic rays or radiation: 
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The substituents in these formulae are as defined in the specification. The positive photosensitive composition has 
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high sereitivity and high resolving power, undergoes neither a decrease in resist pattern line width nor the forma- 

T ^ a ^"^Z^"^ "P'" °* ^^'^ ^^^''"e"*- and exhibits less profile 

deterioration such as residual standing wave and collapse. 
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Description 


The present invention relates to positve photosensitive compositions for use in the production of lithographic print- 
ing plates and senriiconductors. e.g.. integrated circuits, and the production of circuit boards for liquid crystals thermal 
heads, etc., and in other photofabrication processes. 

Positive photoresist compositions in use generally comprise an alkali-soluble resin and a naphthoquinonediazide 
compound as a photosensitive substance. For example, photoresist compositions comprising "a combination of a phe- 
nolic novolak resin and a naphthoquinonediazide substitution compound" are described in. eg US Patents 
3.666,473. 4.1 15.128. and 4.173.470. Further, an example of the most typical composition comprising "a combination 
of a cresolformaldehyde novolak resin and a trihydroxybenzophenone-1 .2-naphthoquinonediazidesulfonic acid ester" is 
described in L.R Thompson. "Introduction to Microlithography" (ACS Press. No. 2. 19. pp. 1 12-121). 

Many positive photoresists comprising a novolak resin and a photosensitive naphthoquinonediazide compound 
have been developed and put to practical use so far from the above-described standpoint These photoresists have pro- 
duced satisfactory results in the formaton of resist patterns having line widths ranging about from 0.8 to 2 |iim. 

However, the degree of integration in integrated circuits is increasing more and more, and it has become necessary 
to form an ultrafine pattern having a line width of 0.5 jim or smaller in the production of semiconductor substrates for 
VLSIs and the like. For attaining the necessary resolving power, the wavelengths of the light sources used for photoli- 
thography are deaeasing more and more and. as a result, use of far ultraviolet rays and excimer laser beams (XeCI. 
KfF, ArF, etc.) has come to be investigated. 

The prior art resists comprising a novolak and a naphthoquinonediazide compound are unsuitable for use in pat- 
tern formation by lithography using far ultraviolet rays or excimer laser beams, because the novolak and the naphtho- 
quinonediazide exhibit intense absorption in the far ultraviolet region to render the light less apt to reach the resist 
bottom. Thus, the resist has low sensitivity to give only a tapered pattern. 

One means for eliminating the above problem is the chemically amplified resist composition described in e g US 
Patent 4.491 .628 and European Patent 249. 1 39. A chemically amplified positive resist composition is a pattern-forming 
material in which an acid generates in exposed areas upon irradiation with a radiation such as far ultraviolet rays and 
this acid catalyzes a reaction that makes the areas irradiated wrth the actinic rays and the unirradiated areas which are 
different in solubility in a developing solution to thereby form a pattern on a substrate. 

Examples thereof include combinations of a compound which generates an acid upon photodecomposition with an 
acetal or O.N-acetal compound (see JP-A^.89003; the term '^JP-A" as used herein means an "unexamined published 
Japanese patent application^, with an orthoester or amidoacetal compound (see JP-A-5M20714). with a polymer 
having acetal or ketal groups in the backbone (see JP-A-53-133429). with an enol ether compound (see JP-A-55- 
12995), with an N-acyliminocarbonic add compound (see JP-A-55-1 26236). with a polymer having orthoester groups 
in the backbone (see JP-A-56-1 7345). with a tertiary alkyi ester compound (see JP-A-60-3625). with a silyl ester com- 
pound (see JP-A-60-10247). and with a silyl ether compound (see JP-A-60-37549 and JP-A-60-121446). These com- 
binations exhibit high photosensitivity since they have a quantum efficiency exceeding 1 in principle. 

Another means for eliminating the problem described hereinabove is a system which is stable over long at room 
temperature but decomposes upon heating in the presence of an acid to become alkali-soluble. Examples thereof 
include systems comprising a combination of a compound which generates an acid upon exposure to light with an ester 
having a tertiary or secondary carbon (e.g., t-butyl or 2-cyclohexenyl) or with a cart>onic ester compound, as described 
in. e.g.. JP-A-59-45439. JP-A-60-3625. JP-A-62-229242. JP-A-63-27829. JP-A-63-36240. JP-A-63-250642- Polym 
Eng, See., Vol. 23. p. 1012 (1983); ACS. Sym,, Vol. 242, p. 11 (1984); Semiconductor World, p 91 (Nov' 1987)' 
Macromolecules, Vol. 21 . p. 1475 (1988); and SP/E, Vol. 920. p. 42 (1986). Since these systems also have high sensi- 
tivity and exhibit reduced absorption in the deep UV region as compared with the naphthoquinonediazide/novolak resin 
systems, they can be effective systems for coping with the wavelength reduction in light sources. 

The chemically amplified positive resists described above are roughly divided into two groups: three-component 
systems comprising an alkali-soluble resin, a compound which generates an acid upon exposure to a radiation (photo- 
acid generator), and a dissolution inhibitive compound for the alkali-soluble resin which has acid-decomposable groups: 
and two-component systems comprising a resin which decomposes upon reaction with an acid to become aikali-soluWe 
and a photo-acid generator. 

In these two-component or three-component, chemically amplified positive resists, the photo-acid generator is 
caused to generate an acid by exposure to light and the resists are then heat-treated and developed in the presence of 
the acid to obtain a resist pattern. 

Known photo-acid generators for use in the above-described chemically amplified positive resists include N-imido- 
sulfonates. N-oximesuIfonates. o-nitrobenzylsulfonates. and pyrogallol trismethanesulfonate Typical compounds which 
have been used as photo-acid generators having a high photodecomposition efficiency and excellent image-forming 
properties are the sulfonium and iodonium salts of perfluorinated Lewis acids, e.g.. PFg", AsF^, and SbFg*. described 
in, e.g.. JP-A-59-45439 and Polym. Eng. Sci., 23. 1012 (1983). 
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^^°*ever. these prior art photo-acid generators, when used in resist materials for semiconductors have a oroblpm 
that the counter anions of the photo-acid generators cause pollution by phosphorus, arsenic antimony, etc 
IP A o °' free from the pollution is the salt described in e q JP-A-G3 2782q 

";trnrar-"^°"^' — r anionis f trl^o'^eS 

whicj:::~trt:^^^ 

solubility inordlnary resist solvers, the addition an.^ 

Furthemiore, JP-A-6-1 99770 describes the use of an arylbenzenesulfbnate anfon having aTnSZ^amon sub 
stituent as a stili another counter anion for sulfonium and iodonium salts The sulfonium and iodo^ m f ♦ 

th? 'T" ''"'"9 formed comes to have a reduc«l line width or L ^ surface 
with the lapse of time from exposure to heat treatment. ^ sunace 

mPnH?" '"^ '^^"^^ '^Pse time from exposure to heat treat- 

:ar^:s=?:;~y~ 

«hi«1';?''T'!\*^^*°'^"'^"'''°"^ two-component resists employing tertiary alkyi ester groups as acki-decomoos- 
aWe groups tend to g,ve a re^st pattern which comes to have a T-top surface with the lapse of Le ftSn e«STto 
heat treatment and it has been difficult to diminish the formation of a T-top surface. This is^n!m iXr^ToTreslte 
employng acd-decomposable groups which decompose at a low rate by the action of an adriuc^S terti ' S 

fnfr^ " ' '''''' P""'^" ^"^^ acid-decomposable groups the^e is a Lge d£ 

ence between the amount of the acid-decomposable groups decomposed by an acid generat^ iust Iftlr t^ZnrTlnH 

he amount Of the acid-decomposable groups decomposed by heatLatmeLfte?^^^^^^^ 

t^^.T^-""^' """'"'^ contamination with amines contained in the atmosphere and by thld S s on of tS 
acd ,nto the a.r. ,s apt to undergo a change in profile, i.e., the formation of a T-top surface with the l^seofTme ior^ 
exposure to heat treatment Therefore, it is virtually impossible in single-layer resists to usJ norrea^^c^^e^^^^^ 
able groups, such as tertary alkyI ester groups, as the only acid^ecomposable groups for the purSSq^fZa 
t.on. though there is an exception that the above problem is overcome by regulating the olaL transSn nn S! k- h 
totherebylowertheglasstransiton point Of the wholere.^ 

♦hot »^®.°*e;ha"d. resists containing a silyl ether compound or an acetal conpound frequently have the oroblem 
that the resst pattern comes to have a reduced line width with the lapse of time from exposure to heat ^eiSent^fe 
phenomenon .s hought to occur by the following mechanism. In a resist containing a c^mpoTnd wf^S^^Td^L^ 

'"'t- ' decomposition Of the comjou^y the ac^ wS 

has generated ,ust after exposure proceeds to a degree sufficient for image formation. With the lapse of time ^o 

fur hi? H ^^^^^'^^-P^^'^'- ~"PO-d decomposes due to the horizontal c^JusionS^^nd 

J "^T ^'''"""^ " temperature by the action of the acid remaining In a sligW ^unt Tn half 
exposed areas. As a resurt. the resist pattern comes to have a reduced line width. It has however bee^ hatTe 
above phenomenon proceeds to different degrees depending on the kinds of photo-acid generators 
h,.» K r w^^J^"^ ""^'"^ ^"'^^ «c«-decomposable groups are utilized tor image formation 

have been found to have the followingnew problem besides the problem that theresist pattern comes S 

prdile due to resdual stand.ng wave, and undergoes collapse as a result of undercut at the interface wH^ *e subsSt^ 
This new problem has been found to be severer especially in resists containing a photo-acid generated o^^eaS^e' 
described sulfonium or iodonium salt type. H acia generator of the above- 

The profile deterioration described above is a serious problem which should be overcome in resists containina a 
and hirer" T"" T ™^ ^^^"^'^ ^-^-''V have^gh'^SS^ 

lfor^'h:;rs^eS^^^^ 

On the other hand. JP-A-5-181279, JP-A-5-323590. and JP-A-6-130666 disclose that the resist profile deteriora- 

rtrd~:u^^^^^ 

hPTominrr?." • '^^•^■^■'^^^^J^- ^^'^ « descrption to the effect that a resist surface can be inhbited from 
becoming soluble, i.e.. coming to form a T-top surface, with the lapse of time from exposure to heal treatment by using 
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a combination of a conpound (photo-acid generator) which generates a strong acid (e.g., a sulfonic acid) upon expo- 
sure and a compound which generates a weak acid (e.g.. a carboxylic acid) upon exposure. 

In JP-A-5-323590 is described a technique for changing the solubility of a resist film in a developing solution after 
exposure. In this technique, a compound contributing to image formation (photo-acid generator) and a compound not 
contributing to image formation are used in combination to increase the absolute amount of the acid generated after 
exposure and thereby reduce the relative amount of the acid consumed in a resist surface layer by impurities present 
in the atmosphere. Thus, according to the above reference, the resist surface can be inhibited from becoming soluble 
i.e.. coming to form a T-top surface, with the lapse of time from exposure to heat treatment to thereby obtain heightened 
resolving power. 

In JP-A-6-1 30666. there is a description to the same effect that use of a combination of a strong acid and a weak 
acid is effective in inhibiting a resist film from undergoing a change in performance with the lapse of time from exposure 
to heat treatment. 

However, any combination of compounds according to the prior art techniques is insufficient in resolution and in 
inhibiting a resist pattern from coming to have a reduced line width with the lapse of time from exposure to heat treat- 
ment. In addition, those prior art techniques have failed to give satisfactory results from the standpoint of preventing col- 
lapse. 

As described above, in the prior art techniques, it has not been fully known how to design a positive photosensitive 
composition which satisfies all the desired properties, i.e.. high sensitivity, high resolving power, and freedom from a 
decrease in resist pattern tine width or from the formation of a T-top resist pattern surface with the lapse of time from 
exposure to heat treatment, and, especially in a resist system utilizing readily acid-decomposable groups for image for- 
mation, less profile deterioration such as residual standing wave and collapse. 

Accordingly, an object of the present invention is to eliminate the problems described above and to provide a pos- 
itive photosensitive composition which has high sensitivity and high resolving power, causes neither a decrease in resist 
pattern line width nor the formation of a T-top resist pattern surface with the lapse of time from exposure to heat treat- 
ment, and does not cause much profile deterioration such as residual standing wave and collapse. 

As a result of intensive investigations made by the present inventors while taking account of the properties 
desCTibed above, they have found that the object of the present invention is accomplished with a chemically amplified 
positive resist containing a combination of a sulfonium saft represented by the following formula (I) or an iodonium salt 
represented by the following formula (1). each having a specific counter anion, as a first photo-acid generator and an 
N-hydroxyimidosulfonate type photo-acid generator represented by the following general formula (11) as a second 
photo-acid generator. 

The present invention provides compositions having the following constitutions. 

(A) A positive photosensitive composition comprising: 

a resin having groups capable of decomposing by the action of an acid to enhance solubility of the resin in an 
alkaline developing solution and 

a compound represented by formula (I) or (1) and a conpound represented by formula (II) as compounds 
capable of generating a sulfonic acid upon in-adiation with actinic rays or radiation: 


EP0 831 369 A2 



wherein 


Ri to R5, which may be the same or different, each represents a hvdronon o♦r^m ^r, ^11^ • 

group, an alkoxy group, a hydroxy group, a haloger, atom o' a g^^Xe^S bT S R '1"^ r'^'^'"" 

sents an alkyi group or an aryl group, and represented by -S-R^a where R,^ repre- 

Re to Rg. which may be the same or different, each represents a hvrtmnon »ii„j 
group.nalKeny.group.agrouprepresentedby-COOR'jr^^^^^^^^^ 

n ^^P^^^^"*^' by -OCOR,, (wherein R,, represents an aikyi group or an aSl 

provided that at least one of Rg to Re is an alkyi group, a cycloalkyi group, a gLp representS bv 
a group represented by -OCORi^. or an alkenyl group, and that when two of R tr. r o!:^ ^ -COOR13. 
then the remaining one represents an alkyi groip having 6 caSnl^mrorl^: a c^doall^. '^^^^^ 
ca*on atoms or n»re. an alkenyl group having 6 carbon atoms ofmoL a^roup ^^S^^^^ ' 
wherein R,, -s an alkyi or alkenyl group having 5 cart)on atoms or more), or a group SSentS bv '^b" 
(wherein R,4 ,s an alkyi or alkenyl group having 5 carbon atoms or more); ^^-^^ented by -OCOR,4 

o 

lj N-0-S02-R,, 


wherein 

R a!2 ? I ^ ^°"f ^ ^""^^ to each other through a single bond or a double bond 
R9 and R,o. which may be the same or different, satisfy any of the following (1) to (4): 

S^ro";^ "^^""^^"^'y '^^^ ^ Mrogen atom, an alkyi group, a cycloalkyi group, or an 

l?r5re CiiorS.""'"'" ' " ^'"^ ^^^ain one 

(3) R9 and Rio form a fused aromatic ring containing C, and 

(4) at least one of Rg and R^o represents a residue containing an N-sulfonyloxyimido; and 

R,i represents an alkyi group, a halogenated alkyi group, a cycloalkyi group an alkenyl orouo an arvl nm.,n 
which may have substituent(s). an aralkyi group which may have substituent(s). o^a camphor group 
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(B) The positive photosensitive composition as described in (A) above, which contains a low-molecular acid- 
decomposable dissolution inhibitive compound having a molecular weight of 3.000 or lower which has groups 
decomposable by an acid and shows enhanced solubility of the compound in an alkaline developing solution by the 
action of an acid. 

(C) The positive photosensitive composition as described in (A) or (B) above, which contains a resin insoluble in 
water and soluble in an aqueous alkali solution. 

(D) The positive photosensitive composition as described in any one of (A) to (C) alx)ve, wherein the resin having 
groups which decompose by the action of an acid to enhance solubility in an alkaline developing solution has acetal 
groups as the acid-decomposable groups. 

(E) A positive photosensitive composition comprising. 

a compound represented by formula (I) or (1) and a compound represented by formula (II) both described in 
(A) above, as compounds which generate a sulfonic acid upon Irradiation with actinic rays or a radiation, 
a low-molecular acid-decomposable dissolution inhibitive compound having a molecular weight of 3,000 or 
lower which has groups decomposable by an acid and shows enhanced solubility in an alkaline developing 
solution by the action of an acid, and 

a resin insoluble in water and soluble in an aqueous alkali solution. 

(F) The positive photosensitive composition as described in any one of (A) to (D) above, which further contains a 
low-molecular compound having a molecular weight of 1.000 or lower which is insoluble in water and soluble in an 
aqueous alkali solution. 

By the use of a combination of photo-acid generators as described above, i.e., an onium salt type photo-acid gen- 
erator having a specific counter anion and represented by general formula (I) or (r) described above and an N-sulfony- 
loxyimido type photo-acid generator represented by general formula (II) described above, it has become possible to 
obtain a resist completely free from the problem that a resist pattern comes to have a reduced line width or form a T-top 
surface with the lapse of time from exposure to heat treatment, and from the problem that a resist patten has residual 
standing wave and undergoes profile deterioration such as collapse. Thus, it has become possible to obtain a resist pat- 
tern having high sensitivity, high resolving power, and an excellent profile. The above are utterly unexpected effects, 
which are not at all seen in any resist containing either the onium salt type photo-acid generator or the N-hydroxyimido- 
sulfonate type photo-acid generator 

The compounds used in the present invention are explained below in detail. 

f1] Photo-acid Generator Represented by General Formula (1) or (1) 

Examples of the alkyl group represented by to R5 in general formula (I) or (1) include those having 1 to 4 carlx>n 
atoms, such as methyl, ethyl, propyl, isopropyl. n-butyl, sec-butyl, and tert-butyl. Examples of the cycloalkyl group 
include those having 3 to 8 carbon atoms, such as cycloprop^l. cyclopentyl, cyclohexyl. and cyclooctyl. Examples of the 
alkoxy group include those having 1 to 4 carbon atoms, such as methoxy ethoxy. propoxy, and butoxy Examples of the 
halogen atom include fluorine, chlorine, bromine, and iodine. Examples of the alkyl group represented by R12 in -S-R12 
include those having 1 to 4 carbon atoms, such as methyl, ethyl, propyl, isopropyl, n-t)utyl, sec-butyl, and tert-butyl, and 
examples of the aryl group represented by R^^ include those having 6 to 14 carbon atoms, such as phenyl, tolyl, xylyl, 
mesityl, and naphthyl. 

Examples of the alkyl group represented by R5 to Rs include linear or branched alkyl groups having 1 to 20 cart)on 
atoms. In the case where two of Re to Rs each is a hydrogen atom (e.g., Rg is an alkyl group and R7 and Rq each is a 
hydrogen atom), then the alkyl group represented by the remaining one is preferably a linear or branched alkyl group 
having at least 6, preferably 6 to 20, more preferably 6 to 16 carbon atoms. A branched alkyl group having 6 to 16 car- 
bon atoms is especially preferred from the standpoint of preventing the decrease in resist pattern line width which 
occurs with the lapse of time from exposure to heat treatment. If the alkyl group has 5 or less carbon atoms, sufficient 
solubility in ordinary resist solvents cannot be obtained. If the alkyl group has 21 or more carbon atoms, sensitivity and 
resolving power are reduced- 

In the case where only one of Re to Rq is a hydrogen atom or none of these is a hydrogen atom (e.g., in the case 
where Rg is a hydrogen atom and R7 and Rg each is an alkyl group or where Rg to Rq each is an alkyl group), then the 
alkyl groups represented by the remaining two or all of Re to Rs each is preferably a linear or branched alkyl group hav- 
ing 1 to 16. more preferably 1 to 14 carbon atoms. In particular, a linear or branched alkyl group having 1 to 12 carbon 
atoms is especially preferred from the standpoint of sensitivity. If the alkyl group has 17 or more carbon atoms, sensi- 
tivity and resolving power are reduced. 

Examples of the cycloalkyl group represented by Re to Rg include those having 3 to 20 carbon atoms. However, in 


/ 
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the case where two of Rg to Rg each is a hydrogen atom (e.g., Rg is a cycloalkyi group and Hy and Ro each is a hydro- 
gen atom) then the cycloaikyi group represented by the remaining one has 5 or more, preferal^ly 5 to^20 more orefer- 
aWy 5 to 16 carbon atoms. If the cycloalkyi group has 4 or less carbon atoms, sufficient solubility in ordinary resist 
rS " ^'""^ ^^«"^i"9 P°"e7are 

In the case where only one of Rg to Rg is a hydrogen atom or none of these is a hydrogen atom (e g in the case 
where Re .s a hydrogen atom and R7 and Rg each is a cycloaikyi group or where Rg to Ro each is a cvcloalkvl or-^^nf 
then the cycloalkyi groups represented by the remaining two or all of Re to R3 each is preferably a c^cSgtS^ 
.ng 3 to 16. more prefe>at^y 3 to 14 carbon atoms. In particularly, a cycloalkyi group having 3 Jl2 carbon a oS pre- 
ferred especially from the standpcnt of sensitivity. If the cycloalkyi group has 17 or more carbon atoms sehsS and 
resolving power are reduced. w . aiunR,, bensiiivity ana 

Examples of the alkenyl group represented by Rg to Rg include linear or branched alkenyl groups having 2 to 20 
carbon atoms. In the case where two of Rg to Rg each is a hydrogen atom (e.g.. Rg Is an alkenyl group and R, and Z 
each IS a hydrogen atom), then the alkenyl group represented by the remaining one is a linear or branched a"keny1 
group having 6 or more, preferably 6 to 20. more preferably 6 to 16 carbon atoms. If the alkenyl group has 5 or less car- 
bon atoms, sufficient solubility in ordinary resist solvents cannot be obtained. If the alkenyl group has 21 or more carbon 
atoms, sensitivity and resolving power are reduced. >=^iwii 

In the case where only one of Rg to Rg is a hydrogen atom or none of these is a hydrogen atom (e g in the case 
where Re is a hydrogen atom and R, and each is an alkenyl group or where Rg to Re each is an alkenyl group) then 
the alkenyl groups represented by the remaining two or all of R^ to Rg each is preferably a linear or branched alkenyl 
group having 2 to 16. more preferably 2 to 14 carbon atoms. In particular, a linear or branched alkenyl group having 2 
to 12 carbon atoms is preferred especially from the standpoint of sensitivity. If the alkenyl group has 1 7 or more cartwn 
atoms, sensitivity and resolving power are reduced. 

Examples of the alkyi group represented by R13 and R14 in -COOR13 and -0C0R,4 both represented by R, to R„ 
include linear or branched alkyI groups having 1 to 20 carbon atoms. In the case where two of Re to Ro each is a hydro 
gen atom (e.g.. R^ is a group represented by -COOR13 and R7 and Rg each is a hydrogen atom), then the alkyI grouo 
represented by R,3 or R,, contained in the remaining one is a linear or branched alkyI group having 5 or more prefer- 
aWy 6 to 20. more preferably 6 to 16 carbon atoms. If the alkyI group has 4 or less carbon atoms, sufficient solubility in 
ordinary resist solvents cannot be obtained. If the alkyI group has 21 or more carbon atoms, sensitivity and resolvinq 
power are reduced. ^ 

In the case where one of Rg to Rg is a hydrogen atom or none of these is a hydrogen atom (e g in the case where 
Re IS a hydrogen atom and R7 and Rg each is a group represented by -COOR13 or where Rg to Ro each is a group rep- 
resented by -C00R,3), then the alkyI group represented by H,, or R,^ in each of the remaining two or all S Sg tot 
IS preferably a linear or branched alkyI group having 1 to 1 6. more preferably 1 to 14 carbon atoms. In particular a linear 
or branched alkyI group having 1 to 12 carbon atoms is preferred especially from the standpoint of sensitivity. If 'the alkyl 
group has 1 7 or more carbon atoms, sensitivity and resolving power are reduced 

Examples of the alkenyl group represented by R^g and R14 in -COOR13 and -OCOR,4 both represented by Rg to 
Re include linear or branched alkenyl groups having 2 to 20 carbon atoms. In the case where two of R. to R« each is a 
hydrogen atom (e.g.. Rg is a group represented by -COOR13 and R^ and R^ each is a hydrogen atom), then the alkenyl 
group represented by R^g or n,^ contained in the remaining one is a linear or branched alkenyl group having 5 or more 
preferably 6 to 20, more preferably 6 to 1 6 carbon atoms. If the alkenyl group has 4 or less carbon atoms, sufficient sol- 
ubility in ordinary resist solvents cannot be obtained. If the alkenyl group has 21 or more carbon atoms sensitivity and 
resolving power are reduced. ' 

In the case where one of Rg to Rg is a hydrogen atom or none of these is a hydrogen atom (e.g., in the case where 
J "J^^f ^"^ ^« ^ ^""^ represented by -COOR13 or where Rg to R3 each is a group rep- 

resented by -COOR13), then the alkenyl group represented by R13 or R14 in each of the remaining two or all of Rg to R« 
IS preferably a linear or branched alkenyl group having 2 to 16. more preferably 2 to 14 carbon atoms In partioilar a 
■near or branched alkenyl group having 2 to 12 carbon atoms is preferred especially from the standpoint of sensitivity, 
it the alkenyl group has 1 7 or more caibon atoms, sensitivity and resolving power are reduced 

In the case where one of Rg to Rg is a substituent (i.e.. one is not a hydrogen atom and the others are hydrogen 
atoms), preferred examples of the substituent include branched alkyl groups having 6 to 1 6 carbon atoms and groups 
represented by -COOR13 wherein R13 is a linear or branched, alkyl or alkenyl group having 6 to 16 carbon atoms In the 
case where two or all of Rg to Rg each is a substituent (i.e.. two or all of Rg to Rg are not a hydrogen atom), preferred 
examples of the substituents include linear or branched alkyl groups having 1 to 12 carbon atoms, groups represented 
TU^T ^ °^ branched alkyl group having 1 to 12 carbon atoms, and groups represented by 

-OCOR14 wherein R14 is a linear or branched alkyl group having 1 to 12 carbon atoms. 

The content of the photo-add generator represented by general formula (I) or (P) in the composition is desirably 
from 0.05 to 20% by weight based on the total amount of all solid components. The content thereof is preferably from 
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0.1 to 10% by weight, more preferably from 0.2 to 7% by weight 

The photo-add generators represented by general formula (I) or (r) are used alone or in combination of two or more 
thereof. 

Specific examples of these compounds are shown below as (1-1) to (1-26) and (1-1) to (C-IS) However the photo- 
acid generator represented by general formula (I) or (I") should not be construed as being limited thereto. 


B-l] 



1) 

Ci2H25 



1) The alkyi group is a residue having any of various branched structures. 
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[1-2] 




P-3] 




o 


C10H21 



H3C 




[I-5J 


C2H5 




2^5 
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[1-161 



V 

S+ O3S 




COOCgHn" 


[1-17] 




S+ O3S- 

Q COOCH2{CH2)2CH=CH(CH2)2CH3 


[1-18] 





COOC18H37" 


[1-19] 



S+ O3S 




COOC,2H25" 


[1-20] 






COOCH2(CH2)6CH(CH3)2 
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P-21] 

P COOC,^H25" 

Q COOC,2H25" 

[1-22] 

O ,COOC6H,3" 

Ox "^^-^ 

Q COOC6H,3° 
[1-23] ^ 


C0OCH,CH=CH3 
COOCH2CH=CH3 



[1-24] 


C0OC,6H33° 


[1-25] 


Q C00CeHi3" 
[1-26] 

Q 


2) 

23 


1 alkyi group is linear or consists of a mixture of branched alkyi groups of various structures. 
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17" 


1) 


[1-2] 

CH3 


CH3 


1) 


H3C 

CH3 

H3C 
[r-6j 

1) 

-i±<Q 03S- 



COOC8H,7° 
[I'-8J 

COOCi^Hjs" 
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fI'-9] 

COOCH2(CH2)5CH(CH3), 

P'-IO] 

^ POOCfiHo" 

COOC^Hu" 

[I'-H] 

COOCH2CH=CH3 

fl'-12j 


,COOCH2CH=CH3 


2) 
23 


[r-13] 

"3CO-0-li^OCH3 ■03S^C00C,H,? 
[I- 14] 

[r-15] 
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f2) Photo-acid Generator Represented by General Formula (H) 

When R9 and R^o 'n general formula (II) are in case (1). examples of the alky! group include those having 1 to 4 
carton atoms, such as methyl, ethyl, propyl, isopropyl, n-butyl. sec-bijtyl. and tert-butyl. Examples of the cycloalkyi 
group Include those having 3 to 8 carbon atoms, such as cyclopropyl, cyclopentyl. cyclohexyl, and cyclooctyl. Examples 
of the aryl group include those having 6 to 14 carbon atoms, such as phenyl, tolyl. xylyl, mesityl. and naphthyl. 

When R9 and R^q are in case (2), examples thereof include the following structures. 



When Rg and R^o are in case (3), examples thereof include the following structures. 



When Rg and Rio are In case (4). examples thereof include the structures enumerated above with regard to cases 
(1) to (3) which each further has at least one N-sulfonyloxyimido residues each bonded thereto through a single bond 
or any of the following divalent organic groups. The following connecting groups are used alone or in combination of two 
or more thereof. 

Examples of the divalent organic group include: 
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-0-. -S-. -SO-. -SO2-. -NH-, -CO-. -CO2-. -NHSO2-. -NHCO-. -NHCO2-. and 
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(Wherein R15 and Rig each represents a hydrogen atom or a methyl qrouo) In ca<;p u\ ih^r. 
have at least two N-su»ony,oxyim.io structures as in Compounds (133) t^^^ 

- undesirable in that sensitivity and resolving p^w^arer^uc^^^^^ ^ ^ '^""^ °' "^'^ ^'""^^ 

hydrSnTo^h^s;::^^^^^^^^^^ ^.z^Ti^^^r:" ^^^^ °^ -^'^^^ - 

Chlorine, bromine, a^ .clne' "uoh^ c^re^^^^^^^ '"^ ^ 

contain two or more ki,xls of halogen atoms. Preferably f luonne. The alkyi group may 

20 Examples of the cycloalkyi group include those having 3 to 12 carbon atomc c.^h , 

25 resolving power are reduced undesirable in that sensitivity and 

.enz^E^pSSSZ^^^^^^^^^ 

pyl. isopropyl, and tert^^utyl, cycloaikyi groups such as Jyrpenli a d Se^^^ T'*'?' ''l'^'' 

xylyl. and mesityl. lov/er alkoxy groups such as methoxy ethoxv Zi^^ lTZ} ^ ^ 
30 nyl groups such as vinyl, alj. propenyl. a^^Z 'So^uoTZ.^^^^^ 'T"'"?' '^•^•^"toxy. alke- 
hydrox, ca*oxy. cyano, andZTnd Xalogen aToms -suS: as^^ in^^^^^ - 
these are lower alkyl groups such as methyl, ethyl propyl isoproovl 2d tPrt h. ^ ^ u ^^^^^n-ed among 

alkoxy groups such as methoxy, ethoxy, PTO isoSorSrv I^^^^^^^^ 
atoms such asfluorine. chlorine bromin^.and^od ne S ''T' 

preferably from 0.2 to 7% by weight preferably from 0.1 to 10% by weight, more 

o„pr^ ^'"1!''^^"'^'^^ °^ compound represented by general formula (II) are shown below as Hl-li to lu 
^ ever the photo-acd generator represented by genera, formula m should ijt be con":2a" eing 2^^^' 


50 


55 
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[II-13J 


O 


QrN-0-SO,-CH,-^ 


[11-14] 


[11-15] 


[11-16] 


[11-17] 


H3C 


[11-18] 


O 


o 
o 


' X^n-o-so2hQ)-och3 
H3C ^ 


o 


H3C 


X:^H-O.SO.-p^CH. 
O H,C 


CH3 
O H3C- ' 

O H3C— ( 

CH3 


H3C 


O ^\ 
X^N-O-SO,-^- 
O F F 


F 


F F 
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(n-i9j 

o 


X^N-0-SO,-Q^Cl 


H3C' 

o 

H3C CH3 

pi-20] 

o 



H3C 

0 

[U-21] 

, P 

C4H9 


Ji^N-O-SOa-/ h 


QC^n-o-so,hQ^och3 
o 

ai-22) 

o 

PI-23J 

0 

C^N-0-S02-^(Q-CH3 

o 

[11-24] 

O 

|r^N-0-S02HQKOCH3 

o 

[11-25] 

O 

[^N-0-SO2-h(Q>_ocH3 

o 
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[II-26J 

O 



O H3C 

PI-29] 

o 



o 


[11-32] 
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20 


[n-33] 


70 



75 


[U-34] 


H3C 


;n-o-so2-h(Q^ch3 



N-0-S0,-^Q>-CH3 


25 


30 


35 


40 


45 


50 


55 


[II-35J 


° O 


f31 Other Us able Photo-acid Generators n 

h. , T^«.'=°'^o""d;ePf^f ted by general formula (I) or (f) and the compound represented by general formula (II) may 
2ont?geSr?ratacir 

The proportion of the optionally usable photo-acid generators to the sum of the photo-acid generator represented 
by general formula (I) or (I') and that represented by general Ibmiula (II) .0 be used according to the preseSntSn 
(we-ght rafo) « 60/40 or below, preferably 40/60 or below, more preferably 20/80 or below. If the propoLn of thrpho^o 
aad generators according to the present invention is below 40/60. the effects of the present invention are not suffidently 
produced and satisfactory results cannot be obtained. 

Examples of such photo-acid generators usable in combination with the specific photo-acid generator include pho- 
toinitators for catonic photopolymerization. photointtiators for radical photopolymerization, photodecolorants for dyes 
opbcal color changers, and known compounds which generate an acid by the action of light and are used in microre^ 
sists. etc. These optional photo-acid generators may be suitably used either alone or as a mixture of two or more 
thereof 

Specjic examples thereof include onium salts such as: the diazonium salts described in. e.g.. S I Schlesinger 
Photogn SaEng 18^387 (1 974) and T.S. Bal et al.. Polymer. 21 . 423 (1980): the ammonium sate described in, e g ." 
U.S. Patents 4.069.055 and 4.069.056. U.S. Reissued Patent 27.992. and Japanese Patent Application No 3-140 140 
the phosphonium salts described in, e.g., D.C. Necker et al.. Macromolecules, 17. 2468 (1984) C S Wen et al ' Teh 
Proc. Conf. Rad. Curing ASIA, p. 478 Tokyo. Oct (1988). and U.S. Patents 4.069,055 and 4.069.056; the iodonium' sate 
descnbed in. e g.. J.V. Crivello et al.. Macromolecules. 10 (6). 1307 (1977). Chem. & Eng. News. Nov 28 p 31 (1988) 


EP0 831 369 A2 


European Patent 104.143. US, Patents 339.049 and 410.201. JP-A-2-150,848. and JP-A-2-296.514: the sulfonium 
salts described in. e.g.. J.V Crivello etal.. Polymer d, 17, 73 (1985). J.V. Crivello et al.. J. Org. Chem., 43, 3055 (1978), 
W.R. Wattetal., J. PolymerSci, Polymer Chem. Ed, 22, 1789(1984), J.V. Crivello et al.. Polymer Bull., 14.279(1985). 
J.V. Crivello et al.. Macromolecules, 14 (5). 1141 (1981). J.V Crivello et al., d Polymer ScL, Polymer Chem. Ed. 17, 

5 2877(1979). European Patents 370.693, 3.902,114, 233.567. 297,443. and 297.442. U.S. Patents 4.933.377. 161 'sil 
410.201. 339.049. 4.760.013. 4,734.444. and 2,833,827, and German Patents 2.904.626, 3.604.580. and 3.604!581: 
the selenonium salts described in, e.g., J.V Crivello et al., Macromolecules, 10 (6). 1307 (1977) and J.V Crivello et al..' 
d Polymer Sci., Polymer Chem. Ed., 17. 1047 (1979); and the arsonium salts described in. e.g.. C.S. Wen et al.. Teh, 
Proc. Conf. Bad. Curing ASIA, p. 478 Tokyo. Oct. (1988), Specific examples thereof further include the organohaiogen 

70 compounds described in. e.g.. U.S. Patent 3.905.81 5. JP-B-46-4605 (the term "JP-B" as used herein means an "exam- 
ined Japanese patent publication"), JP-A-48-36281. JP-A-55-32070. JP-A-60-239736. J P-A-61 -169835. JP-A-61- 
169837. JP-A-62-58241. JP-A-62-2 12401, JP-A-63-70243, and JP-A-63'298339i' the organometallic com- 
pound/organic halide combinations described in, e.g.. K. Meier et al.. d. Rad. Curing, 13 (4), 26 (1986), TP Gill et aL, 
Inorg. Chem., 19. 3007 (1980). D. Astruc. Acc. Chem. Res., 19 (12). 377 (1896). and J P-A-2-1 61 445; the photo-acid 

75 generators having an o-nitrobenzyl type protective group described in, e.g.. S. Hayase et al.. d. Polymer Sci., 25, 753 
(1987). E. Reichmanis et al., J. Polymer Sci., Polymer Chem. Ed, 23. 1 (1985). Q.Q. Zhu et al.. d Photochem., 36. 85, 
39. 317 (1987). B. Amit et al.. Tetrahedron Lett., (24) 2205 (1973), D.H.R. Barton etal.. d Chem Soa, 3571 (1965)! 
RM. Collins et al.. d. Chem. Soc Perkin 1. 1695 (1975), M. Rudinstein et al.. Tetrahedron Lett, (17). 1445 (1975), J.w! 
Walker et al.. J Am Chem. Sac. 110. 7170 (1988). S C. Busman et al.. d Imaging Technol, 11 (4). 191 (1985).'h.M. 

20 Houlihan et al.. Macromolecules. 21. 2001 (1988). PM. Collins et al.. d. Chem. Soa, Chem. Commun., 532 (1972). S. 
Hayase etal.. Macromolecules, 18. 1799 (1985). E Reichmanis etal.. d Electrochem. Soa, Solid State Sci. TechnoL, 
130 (6). P.M. Houlihan etal.. Macrom.olecules, 21. 2001 (1988), European Patents 0.290. 750. 046.083. 156.535. 
271.851. and 0.388.343. U.S. Patents 3.901.710 and 4.181.531. JP-A-60-1 98538. and JP'A-53-1 33022; compounds 
which photodecompose to generate a sulfonic acid and are represented by the iminosulfonates described in, e.g.. M. 

25 Tunooka et al.. Polymer Preprints, Jap^an. 35 (8). G. Berner et al., d Rad. Curing, 13 (4). W.J. Mijs et al.. Coating 
TechnoL, 55 (697). 45 (1983). Akzo. H. Adachi et al.. Polymer Preprints, Japan, 37 (3). European Patents 0.199,672, 
84,515, 199.672. 044,115. and 0,101.122. U.S. Patents 618.564. 4.371.605. and 4.431,774, JP-A>64-18143. JP-A-2- 
245756, and Japanese Patent Application No. 3-140109; and the disulfone compounds described in e g JP-A-61- 
166544. 

30 Further, a compound obtained by incorporating such groups or compounds which generate an acid by the action 
of light into the backbone or side chains of a polymer can be used. Examples of this polymeric compound are given in, 
e.g., M E. Woodhouse et al.. d Am. Chem. Soc, 104, 5586 (1982). S.P. Pappas et al.. d Imaging ScL, 30 (5). 218 
(1986), S. Kondo et al.. MakromoL Chem., Rapid Commun., 9,625 (1988). Y. Yamada et al.. MakromoL Chem., 152, 
153. 163 (1972). J.V Crivello et al.. d Polymer ScL, Polymer Chem. Ed., 17, 3845 (1979). U.S. Patent 3.849.137, Ger- 

35 man Patent 3.91 4.407, JP-A-63-26653. JP-A-55- 164824. JP-A-62-69263. JP-A-63-1 46038. JP-A-63-1 63452] JP-A-62- 
1 53853. and JP-A-63-1 46029. 

Also usable are the compounds which generate an acid by the action of light as described in. e.g., V.N.R. Pillai. 
Synthesis, (1). 1 (1980). A. Abad et aL. Tetrahedron Lett., (47) 4555 (1971). D.H.R. Barton etal.. d Chem. Soa, (C)! 
329 (1970), U.S. Patent 3.779,778. and European Patent 126,712. 

40 Of the optionally usable compounds enumerated above which generate an add upon irradiation with actinic rays or 
a radiation, especially effective compounds are explained below. 

(1) Trihalomethyl-substituted oxazole derivatives represented by the following general formula (PAG1 ) and trihalom- 
ethyl-substituted s-triazine derivatives represented by the following general formula (PAG2). 

45 


N— N 

/ n 

7ni ^^n"^ 
rZOI O c(Y)3 

(PAGl) 

55 


(Y)3C N C(Y)3 
(PAG2) 


In the above formulae. R^°^ represents a substituted or unsubstituted aryl or alkenyl group; R^^ represents a 


OK 
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substituted or unsubstituted aryl. alkenyl, or alkyi group or •GOO^: and Y represents a chlorine or bromine atom. 

Specific examples thereof are given below, but the compounds represented by general formula (PAGI) ( 
(PAG2) should not be construed as being limited thereto. 



N-N 
(PAGl-l) 

CH,^CH=CH-C^^J-C0l3 

(PAGI -2) 

CH30-^CH=CH-4^3^CBr3 

(PAGl-3) 
N— N 

(n)C4H90 -\_y-CH=CH-Q^^ jc-CCl3 

a>AGl-4) 

(PAGI -5) 



(PAGI -6) 
N— N 

0^ CH=CH-(^^^>-CCl3 
(PAGl-7) 


CH = CH- 
(PAGl-8) 
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CCl3 

Cl3C'^N^CCl3 
(PAG2-1) 


OCH3 



(PAG2-3) 


OCH3 



N' 

A X 
CI3C CC13 

(PAG2-5) 



A A 

CI3C CCI3 
CPAG2-2) 



CI3C N^CCl3 
(PAG2-4) 


OCH3 


60l 

Ci3C^N^CCl3 


COCH3 


(PAG2-6) 


OCH3 



N^N 

Cl3C^N^CCl3 
(PAG2-7) 



CH=CH 

Cl3C^N^CCl3 
(PAG2-8) 
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CH=CH 


CH = CH 



Cl3C^ ^N' CCI3 J 

(PAG2-9) CI3C ^ ^^^3 

{PAG2-10) 


(2) lodonium salts represented by the following general formula (PAG3) and sulfonium salts represented by the fol- 
lowing general formula (PAG4). louuyuieioi 


Ar^ -^205 
(PAG3) (PAG4) 


^ ^^J'''^ ^""^ ^^'^ independently represents a substituted or unsubstituted aryl group 

Pre^rred substituents include alkyi groups, haloalkyi groups, cycloalkyi groups, aryl groups, alkoxy groups nitro 
203 ^"^"^y^^^ony' groups, hydroxy, mercapto. and halogen atoms. 

R J. R2"^ and r205 each Independently represents a substituted or unsubstituted alkyI or aryl group and 
preferably represents an aryl group having 6 to 14 carbon atoms, an alkyI group having 1 to 8 cartoon atoms or a 
substitution derivative thereof. Preferred substituents for the aryl group include alkoxy groups having 1 to 8 carbon 
alorns. aHprl groups having 1 to 8 cartoon atoms, nitro, carboxyl. hydroxy, and halogen atoms. Preferred substituents 
for the alkyI group include alkoxy groups having 1 to 8 caitDon atoms, carboxyl. and alkoxycaifeonyl groups 

Z represents a counter anion, specifically a perfluoroalkanesulfohate anion, e.g., CF3SOV or a oentafluor- 
obenzenesuKonate anion. o o • k 

Two of R204 R205^y ^6 bonded to each other through a single bond or substituent thereof Ar^ and 
Ar' may be bonded to each other likewise. 

/DA^^'^^f ^f ^'^^ ^ compounds represented by general formula (PAG3) or 

(PAG4) should not be construed as being limited thereto. 
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- + 



(PAG3-1) 


(PAG3-2) 


O2N 


(PAG3-3) 


NO2 


CF3SO3 


CF3SO3 


CF3SO3 




/>-N02 CF3SO3 
(PAG3-4) 


H3C 




CH3 CF3SO3 
(PAG3-5) 


H3C 
H3C 



■ + 



CH3 CF3SO3 


CH3 


(PAG3-6) 
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(n)C7Hi5 



(n)C7Hi5 CF3SO3 


(PAG3-7) 


^^"O"'''-^^^^^ CF3SO3 
(PAG3-8) 

^^^"~0~^''~0"^''3 CF3SO3- 
(PAG3-9) 



(PAG3-12) 
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(PAG3-17) 
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(PAG4-4) 



CF3SO3- 


CF3SO3- 


CH3 

(PAG4-6) 
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CF3SO3 



H0-<\ >-S 
(PAG4-8) 



CF3SO3 


H3CO 




HO-^ /h-S 
H3CO 

(PAG4-9) 


CFsSOa' 


(n)C4Hg 

HO-^S 
(n)C4H9 



(PAG4-10) 


CF3SO3 




;+ 


H0-<\ S 
CH3 
(PAG4-H) 


CF3S03- 
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V^^\^° CF3SO3- 

(PAG4-12) 



CF3SO3- 


C8F17SO3- 


CF3SO3- 


CF3SO3- 


(PAG4-16) 
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10 


IS 


CI 


(PAG4-17) 



O 
11 


C-CH2-S 



+ 


(PAG4-18) 


CF3SO3 


CF3SO3 


20 


25 



.C-CH2-S+I 


(PAG4-19) 


CFsSOa' 


30 


35 


40 


45 


50 



0 


C-CH2-S + -(n)C4H9 CF3SO3 


(n)C4H9 
(PAG4-20) 


(PAG4-21) 





C8F17SO3 


CF3SO3 


(PAG4-22) 
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(PAG4-23) 


(PAG4-24) 


2CF3SO3 



OC2H5 




The onium salts represented by general formulae (PAG3) and (PAG4) are known. They can be synthesized for 
example by the methods described in. e.g., J.W. Knapczyk et al.. J. Am. Chem. Soc.. 91. ^1(1^^^ ^S^ik 
et al.. JMrg. Chem.. 35, 2535 (1970). E. Goethas et al.. Bull. Soc. Chem. Belg., 73. ^46 (1^4 H M L^'^IT^ 

iz^:^ir!z:^si:o:^' ^ ' ^^^^ (-r- 

(3) Disullone derivatives represented by me following general formula (PAG5) 

Ar^-SOo-SOo-Ar* 


In fr,e above formulae, A.^ and Ar* each independently represents a substituted or unsubstituted aryl group 

notb^s:^raStt=^^'"-^ 
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{PAG5-1) 



H3C-I /-SO2-SO2A /-CH3 
(PAG5-2) 


H3CO 


H3C 


H5C2O 





SO2-SO2 
(PAG5-3) 

SO2-SO2 
(PAG5-4) 



F3C-Y^S02-S02 


(PAG5-5) 





SO2-SO2 

(PAG5-6) 

SO2-SO2 
(PAG5-7) 


SO2-SO2 
(PAG5-8) 


01 


OCH3 



CI 



CF3 




CI 



CI 
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.S02-S02-^^CH3 
(PAG5-9) 

S02-S02-^^OCH3 
Q1-"'\<*5^'X^^ (PAG5-10) 




(PAG5-11) 

H3G, 
H( 

H3C 


(PAG5-12) 



E^)-O-S02--S02-O 



(PAG5-14) 


f4] Resin Having Groups Dec ompo sing by the Action of Acid to Enhance Solubility in Alkaline Developing Solution 
The resin which has groups capable of decomposing by the action of an add to enhance solubility of the resin in 


00 
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an alkaline developing solution, which can be incorporated In the chemically amplified resist according to the present 
invention, is a resin having acid-decomposable groups In the backbone and/or side chains thereof, preferably in side 
chains thereof. 

The group capable of decomposing by the action of an acid is preferably one represented by -COOA° or -0-B°. 
Examples of the groups containing these groups are those represented by -R°-COOA^ or -Ar-O-B^ 

AO represents -C{PP'){R^){R'% -S\{RV^{^'\ or -C{R^'){H^^yO-Roe^ and B° represents -A^ or -CO-O-AO 
(R", R"^ to R^^, and Ar have the same meanings as will be defined later.) 

Desirable examples of the acid-decomposable groups include silyl ether groups, cumyl ester groups, acetal groups 
tetrahydropyranyl ether groups, tetrahydropyranyl ester groups, enol ether groups, enol ester groups, tertiary alky! ether 
groups, tertiary alkyi ester groups, and tertiary alkyi carbonate groups. Preferred among these acid-decomposable 
groups are those which are relatively highly decomposable by an acid, such as silyl ether groups, acetal groups, and 
tetrahydropyranyl ether groups, in particular acetal groups. This is because such readily acid-decomposable groups, 
when used in combination with the photo-acid generators of the present invention, are more effective in producing the 
effects of the present invention. I.e.. high sensitivity and high resolving power, freedom from a decrease In resist pattern 
line width and from the formation of a T-top resist pattern surface with the lapse of time from exposure to heat treatment, 
and the inhibition of residual standing wave and profile deterioration such as collapse. 

In the case where these acid-decomposable groips are bonded as side chains to a resin, this resin is an alkali- 
soluble resin having -OH or -COOH groups, preferably -R^-COOH or -Ar-OH groups, in side chains. Examples of the 
alkali-soluble resin wil! be given later. 

These alkali-soluble resins have an alkali dissolution rate of desirably 1 70 A/sec or higher, preferably 330 A/sec or 
higher, as measured in 0.261 N tetramethylamnnonium hydroxide (TMAH) at 23**C. 

Desirable from the standpoint of attaining a rectangular profile Is an alkali-soluble resin having a high far-ultraviolet 
or excimer laser beam transmittance, A 1 ^m-thick film of the resin preferably has a transmittance of from 20 to 90% at 
a wavelength of 248 nm. 

Especially preferred alkali-soluble resins from the above standpoint are poly(o-. m-. or p-hydroxystyrene). copoly- 
mers thereof, hydrogenated poly(hydroxystyrene)s. halogen- or alkyl-substituted poly(hydroxystyrene)s. partially 0- 
alkylated or 0-acylated poly(hydroxystyrene)s. styrene/hydroxystyrene copolymers, a-methylstyrene/hydroxystyrene 
copolymers, and hydrogenated novolak resins. 

The resin having acid-decomposable groups for use in the present invention can be obtained by reacting an alkali- 
soluble resin with a precursor for acid-decomposable groups or by copolymerizing a monomer for an alkali-soluble resin 
which monomer has an acid<lecomposable group with any of various monomers, as disclosed in e g European Pat- 
ent 254,853. JP-A-2-25850. JP-A-3-223860. and JP-A-4-251259. 

Specific examples of the resin having add-decomposable groups which is used in the present Invention are given 
below, but that resin should not be construed as being limited thereto. 
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-(CH-CH2)— f9H-CH2)- -iCH-CHz) — (9H-CH2)- 
OtBu ... OH 0-< > OH 
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-{CH-CH2> 
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-<CH-CH2>- -(CH-CH2) 


0-C-O-tBu OH 
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(CH-CH2)- 

[6 


O-CH-O-CH3 OH 
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fCH-CH2^- -(CH-CH2) (CH-CH2>- 

CH3 V"^ CH3 
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OH 
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Preferred among the above-enumerated examples of the resin having groups which decompose by the action of an 
acid to enhance solubility in an alkaline developing solution are compounds (ii). (iv). (xiii), (xv), (xxii), (xxv), and (xxvi). 
With respect to resins having acetal groups as add-decomposable groups, among the above-enumerated resins 
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protected with acid<lecomposable groups, it is possible to incorporate crosslinks by the following method A compound 
containing hydroxyl groups in the molecule is added in a small amount in protecting an existing polyhydroxystyrene witti 
acetal groups, whereby polyhydroxystyrene chains intramolecularly or intermolecularly crosslinked through the com- 
pound containing hydroxyl groups in the molecule can be obtained. This crosslinked system is preferred from the stand- 
point of the heat resistance of a resist. 

Although the compound which contains hydroxyl groups in the molecule and is added in order to form crosslinks is 
not particularly limited, aromatic compounds are undesirable because they highly absorb actinic rays or a radiation in 
the ultraviolet region, which is to be used for exposure. Examples of the polyhydroxy conpound include 1 4-dihydroxy- 
cyclohexane, 2.2-bis(4'-hydroxycyclohexyl)propane. tri{4--hydroxycyclohexyl)ethane. and pentaerythritol However the 
polyhydroxy compound should not be construed as being limited to these examples. 

The addition amount of the compound which contains hydroxyl groups in the molecule and is used for crosslinking 
IS preferably from 0.01 to 10% by mole, more preferably from 0.05 to 5% by mole, most preferably from 0 1 to 3% by 
mole, on the average based on the number of the alkali-soluble groups (e.g.. phenolic hydroxyl groups or carboxyl 
groups) of the unprotected resin to be subjected to protection with acetal groups. 

The content of groups decomposable by an acid is expressed in terms of B/(B+S) , wherein B is the number of the 
groups decomposable by an acid (acidOecomposable groups) in the resin and S is the number of alkali-soluble groups 
(e.g.. phenolic hydroxyl groups or carboxyl groups) not protected with acid-decomposable groups In the non- 
crosslinked system, the content of acid-decomposable groups is preferably from 0.05 to 0 6 more preferably from 0 1 
to 0.5. most preferably from 0. 15 to 0.45. On the other hand, in a system to which a crosslinking agent has been added 
the content of acid-decomposable groups is preferably from 0.03 to 0.55, more preferably from 0 08 to 0 45 most pref- 
erably from 0.12 to 0.42. Contents thereof higher than the upper limit are undesirable, for example in that such a resin 
suffers film shrinkage through heat treatment after exposure (PES), has insufficient adhesion to a substrate and 
causes a scum. On the other hand, too low contents thereof are undesirable in that such a resin causes reduced resolv- 
ing power, etc.. resulting in troubles in image formation. 

Other comonomers may be suitably added in an appropriate amount for the purpose of controlling the qiass tran- 
sition point of the resin and the like. 

The weight-average molecular weight (M J of the resin having acid-decomposable groups is preferably from 2 000 
to 200.000. If the M„ thereof is lower than 2.000. a considerable proportion of unexposed parts of a resist film dissolve 
away dunng development, if the M„ thereof exceeds 200.000. the alkali-soluble resin itself has too low a rate of disso- 
lution in an alkali, resutting in reduced sensitivity. The M„ of the resin is more preferably from 5 000 to 150 000 even 
more preferably from 8,000 to 100.000, most preferably from 10.000 to 80.000. The molecular weight distritxition 
(Mw^n) of the non-crosslinked system is preferably from 1.0 to 4.0. more preferably from l.o to 3 0 most preferably 
from 1 .0 to 2.0. Degrees of dispersion thereof exceeding 4.0 are undesirable in that such a resin is reduced in resolving 
power and heat resistance. The molecular weight distribution (M^/M^) of a crosslinked system is preferably from 1 0 to 
4.5. more preferably from 1 .0 to 3.5. most preferably from 1 .0 to 3.0. The molecular weight distribution thereof exceed- 
ing 4.5 IS undesirable in that such a resin is reduced in resolving power and heat resistance. The smaller the molecular 
weight distribution, the better the heat resistance and image-forming properties (pattern profile, defocus latitude etc ) 

Weight-average molecular weight (M J and number-average molecular weight (M^ herein mean those determined 
through measurement by gel permeation chromatography and calculation for standard polystyrene. 

The resin having acid-decomposable groups for use in the present invention may be used as a mixture of two or 
more thereof. For example, use may be made of a mixture of a resin having readily acid-decomposable groups such as 
acetal groups and a resin having not-readily acid-decomposable groups such as tertiary alkyi ester groups A mixture 
of a non-crosslinked resin and a crosslinked resin may also be used. The used amount of these resins in the present 
invention is preferably from 40 to 98% by weight, more preferably from 50 to 95% by weight, based on the total amount 
of all solid components. An alkali-soluble resin having no acid-decomposable groups may be further incorporated into 
the composition for the purpose of regulating alkali solubility. 

An acid-decomposable low-molecular dissolution inhibitive compound which will be described later is preferably 
incorporated into the composition together with the acid generators and the resin having acid-decomposable groups. 

In this case, the content of the dissolution inhibitive compound is from 3 to 45% by weight, preferably from 5 to 30% 
by weight, more preferably from 10 to 20% by weight, based on the total amount of the photosensitive composition 
(excluding the solvent). 

fSI Alkali-soluble Resin for Use in the Inverrtion 

A resin insoluble in water and soluble in an aqueous alkali solution (hereinafter referred to also as "alkali-soluble 
resin") is preferably used in the present invention. 

Examples of the alkali-soluble resin for use in the present invention include novolak resins, hydrogenated novolak 
resins, acetone-pyrogallol resins, poly(o-hydroxystyrene), poly(m-hydroxystyrene). poly(p-hydroxystyrene). hydrogen- 
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ated po!y(hydroxystyrene)s, halogen- or alky I -substituted poly(hydroxystyrene)s. hydroxystyrene/N-substituted maleim- 
ide copolymers, o/p- and m/p-hydroxystyrene copolymers, partially O-alkylated poIy(hydroxystyrene)s [eg O- 
methylated. 0-(1^methoxy)ethylated. a(1-ethoxy)elhylated. O-2-tetrahydropyranylated. and 0-(t-butoxycarbo- 
nyl)methylated poly(hydroxystyrene)s having a degree of substitution of from 5 to 30 mol% of the hydroxyl groups] O- 
acylated poly(hydroxystyrene)s [e.g.. 0-acetyIated and 0-(t-butoxy)carbonylated poly(hydroxystyrene)s having a 
degree of substitution of from 5 to 30 mol% of the hydroxyl groups], styrene/maleic anhydride copolymers sty> 
rene/hydroxystyrene copolymers, a-methylstyrene/hydroxystyrene copolymers, carboxylated methacrylic resins' and 
derivatives thereof. However, the alkali-soluble resin for use in the present invention should not be construed as beina 
limited to these examples. 

Especially preferred alkali-soluble resins are novolak resins, poly(o-hydroxyslyrene). poly(m-hydroxy5tyrene) 
poly(p-hydroxystyrene). copolymers of these hydroxystyrenes. alkyl-substituted poly(hydroxystyrene)s partially O- 
alkylated or O-acylated poly(hydroxystyrene)s. styrene/hydroxystyrene copolymers, and a-methylstyrene/hydroxysly- 
rene copolymers. The novolak resins are obtained by addition-condensing one or more given monomers as the main 
ingredient with one or more aldehydes in the presence of an acid catalyst. 

Examples of the given monomers include hydroxylated aromatic compounds such as phenol, cresols. i.e m- 
cresol. p-cresol. and o-cresol. xylenols. e.g.. 2.5-xylenol. S.S-xylenol. 3,4-xylenol. and 2.3-xylenol. alky'lphenols e g' m- 
ethylphenol. p-ethylphenol. o-ethylphenol. p+butylphenol. p-octylphenol. and 2.3.5-trimethylphenol. alkoxyphenols 
e.g.. p<methoxyphenol. m-methoxyphenol. 3,5-dimethoxyphenol. 2-methoxy-4-methylphenol. m-ethoxyphenol. p-ethox- 
yphenol. m-propoxyphenol. p-propoxyphenol. m-butoxyphenol. and p-butoxyphenol, dialkylphenols. e.g.. 2-methyl-4- 
isopropylphenol. and other hydroxylated aromatics including m-chl6rophenol. p-chlorophenol. o-chlorophenol. dihy- 
droxybiphenyl. bisphenol A, phenylphenol. resorcinol. and naphthol. These compounds may be used alone or as a mix- 
ture of two or mere thereof. The main monomers for novolak resins should not be construed as being limited to the 
above examples. 

Examples of the aldehydes include formaldehyde, paraformaldehyde, acetaldehyde. propionaldehyde. benzalde- 
hyde. phenylacetaldehyde. a-phenylpropionaldehyde. p-phenyfpropionaldehyde. o-hydroxybenzaldehyde. m-hydroxy- 
benzaldehyde. f>hydroxybenzaldehyde. o-chlorobenzaldehyde. m-chlorobenza!dehyde. p-chlorobenzaldehyde. o- 
nitrobenzaldehyde.m-nitrobenzaldehyde. p-nitrobenzaldehyde. o-methylbenzaldehyde. m-methylbenzaldehyde p- 
methylbenzaldehyde. p-ethylbenzaldehyde. p-n-butylbenzaldehyde. furfural, chloroacetaldehyde. and acetals derived 
from these, such as chloroacetaldehyde diethyl acetal. Preferred of these is formaldehyde. 

These aldehydes may be used alone or in combination of two or more thereof. Examples of the acid catalyst 
include hydrochloric acid, sulfuric acid, formic acid, acetic acid, and oxalic acid. 

The weight-average molecular weight of the thus-obtained novolak resin is desirably from 1.000 to 30.000. If the 
weight-average molecular weight thereof is lower than 1 .000. the film reduction at unexposed parts during development 
is liable to be large. If the weight-average molecular weight thereof exceeds 30.000. the developing rate may be too low. 
The especially preferred range of the molecular weight of the novolak resin is from 2,000 to 20.000. 

The poly(hydroxystyrene)s and derivatives and copolymers thereof shown above as alkali-soluble resins other than 
novolak resins each has a weight-average molecular weight of 2.000 or higher, preferably from 5.000 to 200,000. more 
preferably from 10,000 to 100.000. From the standpoint of obtaining a resist film having improved heat resistance, the 
weight-average molecular weight thereof is desirably 25,000 or higher 

Weight-average molecular weight herein means that determined by gel permeation chromatography and calculated 
for standard polystyrene. 

In the present invention, these alkali-soluble resins may be used as a mixture of two or more thereof. In the case 
where a mixture of an alkali-soluble resin and the resin having groups which decompose by the action of an acid to 
enhance solubility in an alkaline developing solution is used, the addition amount of the alkali-soluble resin is preferably 
up to 80% by weight, more preferably up to 60% by weight, most preferably up to 40% by weight, based on the total 
amount of the photosensitive composition (excluding the solvent). The amount exceeding 80% by weight is undesirable 
in that a resist pattern suffers a considerable decrease in thickness, resulting in troubles in image formation. 

In the case where an alkali -soluble resin is used without the resin having groups which decompose by the action of 
an acid to enhance solubility in an alkaline developing solution, the added amount of the alkali-soluble resin is prefera- 
bly from 40 to 90% by weight, more preferably from 50 to 85% by weight, most preferably from 60 to 80% by weight. If 
the amount thereof is smaller than 40% by weight, undesirable results such as reduced sensitivity are caused. On the 
other hand, if it exceeds 90% by weight, a resist pattern suffers a considerable decrease in film thickness, resulting in 
troubles in image formation. 

f61 Low-molecular Acid-decomoosable Dissolution Inhibitive Compound for Use in the Invention 

A low-molecular acid-decomposable dissolution inhibitive compound is preferably used in the present invention. 
The acid-decomposable dissolution inhibitive compound for use in the present invention is a compound which has 
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at least two acid<lecomposable groups in the molecular structure and in w/hirh th^ 

apart from each other are separated by at least 8 boSing atorJ-s ac^i-decomposable groups most 

In the present invention, the acid-decomposable dissolution inhibitive compound is desiraNv »ith«r . . 
wh,ch has at least two acid<iecomposable groups in the molecular structurranSTwh ich StL^.^^^^^^ 
groups most apart from each other are separated by at least 1 0 Dreferabr;,rifl=t i ^ acd-decomposable 

ing atoms, or a compound Which has a. lelst three addSS^m^^ 

groups most apart from each other are separated by at least 9 DreferablvTi Jr; ^° aad-decomposable 

Ing atoms. The upper limit of the bondinratoms by wSe'JToTcSl^^^ '^^'"^""^ ' ' 

other are separated is preferably 50. more preferably 3o! ^^^'^-decomposable groups most apart from each 

In the case where the acid-decomposable dissolution inhibitive comnounrihacthr^o^. ^ • 
acid-decomposable groups, the compound exhibits an extrenSly Z3 df^^^^^ h kT'' T"^"^' °' 
ubie resin when the acid-dea.mposable groups are Bpani^Ze^TZ^a^TZ^T^^ °" 
in the case where the acid^f ecomposable diiolution'Shibre Smpound has So add-^f^^^^^ " 

The distance between acid-decomposable groups in the present3ntifn^ln ^ 
bonding atoms present between the groups, excL^the atomsTn ^^^^^^^^^^ ^ ''f '""^ °* ""'"''^^ °' 
pounds (1) and (2) shown below, the distance betee^a^riX^^ "T^^^ ineachof com- 

(3). that distance is 12 bonding atoms. ecomposabie groups is 4 bonding atoms. In compound 


so 
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CHs 



(3) 


acid-decomposatile group: -COO-A°, -0-B° 
Although the acid-decomposable dissolution inhibitive compound for use in the nre^^^nt im/^n*: . ^ . 

i e '-"c^'Tf^T^T^ °* r 9'-°"'^ acid<lecomposable group. 

I.e.. ouu-A or -O-B", include groups represented by -RO-CCXD-AO or -Ar-0-B° 

sJI'a'^S^T'''' *° ■C(«°')('^XR°=). ■Si(R»'XR°^(R03). „ .C(R««,(R<»i-O.R«, B« repre- 
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The alkyi group is preferably one having 1 to 4 carbon atoms, such as methyl, ethyl, propyl, n-butyl sec-butyl ort 
butyl. The cycloalkyi group is preferably one having 3 to 10 carbon atoms, such as cyclopropyl. cyclobutyl cyclohexyl 
or adamantyl. The alkenyl group is preferably one having 2 to 4 carbon atoms, such as vinyl, propenyl. allyl or butenyl' 
The aryi group is preferably one having 6 to 14 caitoon atoms, such as phenyl, xylyl, toluyl, cumenyl. naphthyl. or anthra- 
cenyl. 

Examples of the substituents include hydroxy, halogen atoms (fluorine, chlaine. bromine, and iodine) nitro cyano 
the alky! groups enumerated above, alkoxy groups such as methoxy. ethoxy hydroxyethoxy, propoxy hydroxypropoxy 
n-butoxy, isobutoxy, sec-butoxy. and t-butoxy. alkoxycarbonyl groups such as methoxycarbonyl and ethoxycarbonyl' 
aralkyi groups such as benzyl, phenethyl. and cumyl. aralkyloxy groups, acyl groups such as formyl acetyl butyryl' 
benzoyl, cyanamyl. and valeryl. acyloxy groups such as butyryloxy, the alkenyl groups enumerated above al'kenyloxy 
groups such as vinyloxy, propenyloxy, allyloxy, and butenyloxy, the aryl groups enumerated above, aryloxy groups such 
as phenoxy and aryloxycarbonyl groups such as benzoyloxy. 

Desirable examples of the acid-decomposable groups include silyl ether groups, cumyl ester groups, acetal groups 
tetrahydropyranyl ether groups, end ether groups, enol ester groups, tertiary alkyI ether groups tertiary alkyI ester 
groups, and tertiary alkyI cartronate groups. Preferred of these are tertiary alkyI ester groups, tertiary alkyI carbonate 
groups, cumyl esler groups, tetrahydropyranyl ether groups, and acetal groups. 

Desirable acid-decomposable dissolution inhibitive compounds include compounds obtained from the polyhydroxy 
compounds given in the patent documents specified below/ by protecting part or all of the phenolic OH groups by bond- 
ing thereto protective groups shown above, i.e.. groups represented by -R°-COO-A° or B°- the patent documents 
include JP-A-1 -289946. JP-A 1-289947, JP-A-2-2560. JP-A-3-128959. JP-A-3- 158855. JP-A-3-1 79353 JP-A-3- 
191351, JP-A-3-200251, JP-A-3-200252, JP-A-3-200253, JP-A-3-200254. JP-A-3-200255 JP-A-3-259149 JP-A-3- 
279958. JP-A-3-279959, JP-A-4-1650. JP-A-4-1651. JP-A-4-1 1260, JP-A-4-12356, JP-A-4-i2357. and Japanese Pat- 
ent Applications Nos. 3-33229, 3-230790, 3-320438, 4-25157. 4-52732, 4-103215, 4-104542 4-107885 4-107889 
and 4-152195. 

Prefened of these are the compounds obtained from the polyhydroxy compounds given in JP-A-1-289946 JP-A-3- 
128959, JP-A-3-1 58855. JP-A-3-1 79353, JP-A-3-200251. JP-A-3-200252; JP-A-3-200255 JP-A-3-259149 " JP-A-3- 
279958. JP-A-4-1650, JP-A-4-1 1260. JP-A-4-12356. JP-A-4-12357. Japanese Patent Applications Nos 4-25157 4- 
103215. 4-104542, 4-107885. 4-107889. and 4-152195. 

Specifically, such acid-decomposable dissolution inhibitive compounds are represented by general formulae (I) to 
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IVIJ 
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In the above formulae. 
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^^^o'l ^'Z' KT- ^""^ "^n^, ^^""^ °' d'f'erent and each represents a hydrogen atom -rO Cjnn 

hTe!Sr ' " ■^^-^■^(^"^^(""^K^"^). -^-in Ro. R0^ ro. and R- ,3ve the Lrea^ 

R^"" represents -CO-. -C00-. -NHCONIH-. -NHCOO-. -0-. -S-. -SO-. -SO^-. -SO3-. or a group represented by 



where 


^ *° ^' fsf^"^^ that when G is 2. at least either of Ri^o and R^si is an alkyi group 
R and R may be the same or different and each represents a hydrogen atom an' alkyI qrouD an alkoxv 
group, OH. -COOH, -CN. a halogen atom. -R'52-C00R153. or -R154.oh, ^ ^' ^ 

R ' ^2 and R ^ ^ each represents an alkylene group, and 

R^53 represents a hydrogen atom, an alkyI group, an aryl group, or an aralkyi group; 

oZl' L^r"* ^ " ^" 9^°-P. - a"<oxy group, an acyl 

group, an acyloxy group, an aryl group, an aryloxy group, an aralkyi group, an aralkyloxy group a hatogen atom a 

gTupTan'a^Cu'r"'' ' " ■'^(^">('^"^> ^^^^ each reprU^H a^a^M 

R"° represents a single bond, an alkylene group, or a group represented by 



where 


R^57 and R^59 may be the same or different and each represents a single bond, an alkylene group -O- -S- - 
CO-, or a carboxyl group, and /a ""h. ^ . o , 

R^^ represents a hydrogen atom, an alkyI group, an alkoxy group, an acyl group, an acyloxy group an aryl 
group, a nifro group, a hydroxyl group, a cyano group, or a carboxyl group, provided that each hydroxyl groii 
S orTt bXTl^X'i? ^^"""^"^ tetrahydropyranyl. l-ettioxy-l- 

Ri |9 and R120 may be the same or different and each represents a methylene group, a lower-alkyl-substituted 
methylene group, a halomethylene group, or a haloalkyi group, provided that the term lower alky!" herein means 
an alkyI group having 1 to 4 carbon atoms; 

oi35 *° ""^^ ^""^ °' d^^G^QvA and each represents a hydrogen atom or an alkyI group- 
R to R may be the same or different and each represents a hydrogen atom, an alkyI group, an alkoxy group 
an acyl group, or an acyloxy group: / w ""p. 

R^''^ represents a hydrogen atom. -R°-COO-C(R01)(R02){r03,, -CO-O-C{R01)(r02)(r03). o^the group represented 
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bonded to -O- 


R^"^^ and R^^^ may be the same or different and each represents a hydrogen atom, a lower alkyi group, a lower 
haloalkyl group, or an aryl group; 

R 1 46 p 1 49 gg^g different and each represents a hydrogen atom, a hydroxy! group, a halogen atom, 

a nitro group, a cyano group, a carbonyl group, an alkyI group, an alkoxy group, an alkoxycarbonyl group, an aralkyi 
group, an aralkyloxy group, an acyl group, an acyloxy group, an alkenyl group, an alkenyloxy group, an aryl group, 
an aryloxy group, or an aryloxycarbonyl group, provided that the four groups represented by the same symbol need 

not be the same; 

Y represents -CO- or -SO2S 

2 and B each represents a single bond or -0-; 

A represents a methylene group, a lower-alkyl-substituted methylene group, a halomethylene group, or a haloalkyl 
group; 

E represents a single bond or an oxymethylene group; 

when any of a to z and a1 to y1 is 2 or a larger integer, the groups in the parentheses may be the same or different; 

a to q. s. t. V. gl to 11 . k1 to m1 , 0I . q1 . si . and u1 each represents 0 or an integer of 1 to 5; 

r. u. w, x. y. 2. a1 to f 1 . pi . r1 . t1 , and v1 to x1 each represents 0 or an integer of 1 to 4; * 

j1 . n1 , z1 , a2. b2. c2, and d2 each represents 0 or an integer of 1 to 3; 

at least one of z1 . a2. c2. and d2 is 1 or larger; 

y1 is an integer of 3 to 8; 

(a+b). (e+f+g). (k+l+m). (q+r+s). (w+x+y ). (cl+dl). {g1+h1+i1+jl ). (o1+p1). and (sl+t1) each is2 or larger; 
G1+n1) is 3 or smaller; 

(r+u). (w+z). (x+al). (y+bl), (cl+el). (dl+fl). (pl+rl). (t1+v1), and (xUwl) each is 4 or smaller, provided that In 
general formula (V). (w+z) and (x+al) each is 5 or smaller; and 

(a+c). (thHj). (e+h). (f+i). (g+j), (k+n). (l+o). (m+p). (q+t). (s+v). (g1+kl). (hl+ll). (ii+ml). (o1+q1). and (sl+ul) 
each is 5 or smaller. 
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(xjn) 


In formula (XIII). 

R^^° represents an organic group, a single bond. -S-. -SO-, or 

O 
I 

— s— . 
B 

o 


represents a hydrogen atom, a monovalent organic group, or a group represented by 



where 
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R^^^ to R^^^ may be the same or different and each represents a hydrogen atom, a hydroxyl group, a halogen 
atom, an alkyi group, an alkoxy group, an alkenyl group. -O-R°-COO-C{R°^)(R°2){r03) or -O-CO-0- 
C(R°^)(rO2)(r03)_ provided that at least two of R^" to R^^^ are -O-R°-COO-C(R<*^)(R°2)(r03) or -0-CO-O- 
C(R°1)(R°2)(r03) and that the four or six substituents represented by the same symbol need not be the same, 
and 

X represents a divalent organic group: and e2 represents 0 or 1 . 


pl73 
j^l68 f ^169 


168 T,167 



"VY R^^^ T ^^^^ R^R^^^ 

^173 -<Q>-(CH2)f 2 - C - (CH2)g2 " C - (CH2)h2 -<0>- '^^^^ 


R 



/ \^170 pl70 I ^167 il72 ) \ 


^ j^l73 ^ 


In formula (XIV). 

R''^^ to R'' ''^ may be the same or different and each represents a hydrogen atom, a hydroxyl group, a halogen atom, 
an alky! group, an alkoxy group, or an alkenyl group, provided that the four to six substituents represented by the 
same symbol need not be the same; 

and R'^^^ each represents a hydrogen atom, an alkyI group, or a group represented by 



ri70 R 


at least two of R^^^'s each represents -0-R^-C00-C(R*'^)(R°2)(R°^) or -0-C0-0-C(R°^)(R°^(R°2). and the 
remainder each represents a hydroxyl group; 
f2 and h2 each represents 0 or 1 ; and 
g2 represents 0 or an integer of 1 to 4. 


55 


EP 0 831 369 A2 


r"^ r"" ^„ r1" r"8 
y±i3 



178 



CH3 


178 


179 


180 


(XV) 


In formula (XV), 

Ri 74 to f,i80 „,ay tf^Q gg^g o^ different and each represents a hydrogen atom, a hydroxyl group, a halogen atom 
an alkyi group, an alkoxy group, a nitre group, an alkenyl group, an aryl group, an aralkyi group, an alkoxycarbonyi 
group, an arylcattDonyl group, an acyloxy group, an acyl groip, an aralkyloxy group, or an aryloxy group, provided 
that the six substituents represented by the same symbol need not be the same; and 

at least two of R^s^'s each represents -O-R°-COO-C(R°^){R°2)(r03) or -O-CO-O-C(R°^)(R02)(r03). and the 
remainder each represents a hydroxyl group. 


R^^^'rIS^ 182 


\ d183 


R 


187 


R 


182 


CH2 


R 


185 


R 



R 


184 


.0 


R 


185 


R 


187 


(XVI) 
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In formula (XVI). 

R""®^ represents a hydrogen atom or an alky! group, provided that the atoms or groups represented by R^^^ need 
not be the same; 

pi83 pi86 33^^ j.gp^^5gp^5 g hydroxyl group, a hydrogen atom, a halogen atom, an alkyl group, or an alkoxy 
group, provided that the three substituents represented by the same symbol need not be the same; and 
at least two of R^^^'s each represents -0'R°-CC)0-C(R°^)(R°2)(r03j -O-CO-O-C{R^^)(R*^2)^r05j 

remainder each represents a hydroxyl group. 

Specific examples of the frameworks of preferred conrpounds are shown below. 



(1) 



RO 


OR OR 


RO 


(2) 



O 


(3) 


OR 


OR 



(4) 



(6) 
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CH3 

CH2-CH-CH-CH2 


CH3 


OR 


(6) 


CH3 

CH2-<O-0R 



RO OR 


RO 


o=c 

I 

H3C 


HO OR 

OR 
C=0 


OCH3 
(8) 


CH3 


OR RO 

RO-^^^CH-<^OR 
CH2 
OH 

(9) ^ 
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(21) 
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CH3 



Hac CH3 

(36) 
OR O 



OK 
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RO CH3 H3C OR 

O-CH3 

""^^-O O-CH3 

RO CH3 H3C OR 
~ (40) 



H3G 


(41) 
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OR OR 



55 

In Compounds (1) to (63). R represents a hydrogen atom. 
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, -Y^-c^. -Y^X) 

-CH2-COO-C(CH3)2C6H5. •CH2-COO-C4H9\ -COO-C4H9^ or the group represented by 

10 


15 



provided that at least two or. depending on the structure, at least three of R's are not hydrogen atoms, and that the sub- 
stituents represented by R need not be the same. 
20 In the case where the dissolution inhibitive compound described above is used in the present invention in combi- 
nation with the acid generator compounds and the alkali-soluble resin, the addition amount of the dissolution inhibitive 
compound is from 5 to 55% by weight, preferably from 8 to 45% by weight, more preferably from 10 to 35% by weight, 
based on the total amount of all solid components of the photosensitive composition, 

25 [71 Low-molecular Compound Insoluble in Water and Soluble in Aq ue ous Alkali Solution 

A low-molecular compound insoluble in water and soluble in an aqueous alkali solution is preferably added in the 
present invention for the purposes of improving sensitivity, preventing a resist pattern from suffering a decrease in line 
width or coming to have a T-top surface with the lapse of time from exposure to heat treatment, and inhibiting residual 

30 Standing wave and profile deterioration such as collapse. 

The addition amount of this low-molecular compound insoluble in water and soluble in an aqueous alkali solution 
is preferably from 1 to 40% by weight, more preferably from 2 to 30% by weight, most preferably from 3 to 20% by 
weight, based on the total amount of ail resin ingredients. The amount exceeding 40% by weight is undesirable in that 
a resist pattern suffers a considerable decrease in film thickness, resulting in troubles in image formation. 

35 Preferred low-molecular compounds insoluble in water and soluble in an alkali are those having, per molecule, up 
to 60 carbon atoms and from 2 to 8 phenolic hydroxyl groups. 

Also preferred low-molecular compounds insoluble in water and soluble in an alkali are those in each of which the 
ratio of phenolic hydroxyl groups to aromatic rings is from 0.5 to 1 .4 and which each has, per molecule, 1 2 to 60 carbon 
atoms and 2 to 10 phenolic hydroxyl groups. These low-molecular compounds may be used alone or in combination of 

40 two or more thereof. Especially preferred of these compounds are those which, when added to the water-insoluble 
alkali-soluble resin, heighten the alkali dissolution rate of the resin. Use of one or more of these low-molecular com- 
pounds enhances the effects of the present invention. 

If the low-molecular compound has more than 60 carbon atoms, the effects of the present invention are lessened. 
If the compound has less than 12 carbon atoms, the composition comes to have drawbacks such as reduced heat 

45 resistance. The low-molecular compound which is insoluble in water and soluble in an alkali should have at least two 
hydroxyl groups per molecule in order to produce the effects of the present invention. However, if the compound has 
more than 1 0 hydroxyl groups, the effects of the addition thereof are lost. If the ratio of phenolic hydroxyl groups to aro- 
matic rings is below 0.5. the effects of the addition of the water-insoluble alkali-soluble low-molecular compound are not 
obtained. Ratios thereof exceeding 1 .4 are undesirable in that the composition has poor stability, making it difficult to 

50 obtain the effects desaibed above. 

Examples of the low-molecular compound insoluble in water and soluble in an alkali include polyhydroxy com- 
pounds. Preferred examples thereof include phenols, resorcinol. phloroglucinol. phloroglucide. 2,4.2'.4'-biphenyltetrol. 
4.4'-thiobis(1 .3-dihydroxy)benzene. 2.2'.4.4'-tetrahydroxydiphenyl ether. 2,2'.4.4'-tetrahydroxydiphenyl sulfoxide, 
2,2'.4.4'-tetrahydroxydiphenyl sulfone. tris(4-hydroxyphenyl)methane. 1.1-bis(4-hydroxyphenyl)cyclohexane. 4.4'-(a- 

55 methylbenzylidene)bisphenol. a.a',a"-tris(4-hydroxyphenyl)-1 ,3.5-triisopropylben2ene. a.a .a"-tris(4-hydroxyphenyl)-1 - 
ethyl-4-isopropylbenzene, 1.2.2-tris(hydroxyphenyl)propane. 1 .1.2-tris(3.5-dimethyl-4-hydroxyphenyI)propane. 2.2,5.5- 
tetrakis(4-hydroxyphenyl)hexane. 1,2-tetrakis(4-hydroxyphenyl)ethane, 1.1.3-tris(hydroxyphenyl)butane, and a,a.a'.a*- 
tetrakis{4-hydroxyphenyl)-p-xylene. 
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Such water-insoluble alkali-soluble low-molecular compounds having phenolic hydroxyl groups for use in the 
present invention can be easily synthesized by persons skilled in the art by reference to methods described e g in JP- 
A-4-122938. JP-A-2-28531. JP-A-2-242973. JP-A-2-275995, JP-A-4-251849. JP-A-5-303199. JP-A-5W4O. JP-A-6- 
301204. U.S. Patents 4.916.210. 5.210,657, and 5.318.875, and European Patent 219.294. 

[81 Other Ingredients Usable in the Invention 

The photosensitive composition of the present invention may optionally contain other ingredients such as dyes, pig- 
ments, plasticizers, surfactants, photosensitizers. and organic basic compounds. 

Desirable organic basic compounds usable in the present invention are compounds which are more strongly basic 
than phenol, in particular, nitrogen-containing basic compounds. Preferred chemical environments include structures 
represented by the following formulae (A) to (E). 


R 


251 


(A) 


In formula (A). R^^. R^^i. and P?^'^ may be the same or different and each represents a hydrogen atom, an alkyi 
group having 1 to 6 carbon atoms, an aminoalkyi group having 1 to 6 carbon atoms, a hydroxyalkyi group having 1 to 6 
carbon atoms, or a substituted or unsubstituted aryl group having 6 to 20 carbon atoms, provided that R^^ and R^^ 
may be bonded to each other to form a ring. 


I I 

-N-C=N- ...(B) 
I I 

=C-N=C- ...(C) 
I I 


j^254 jj255 

R^"-C-N-C-R^^^ ...(E) 
II 


(In formula (E), P?^, P?^, R^ss^ and R^^^ may be the same or different and each represents an alkyI group having 1 
to 6 carbon atoms.) 

Preferred organic basic compounds are nitrogen-containing basic compounds having, per molecule, two or more 
nitrogen atoms having different chemical environments. Especially prefen-ed are compounds containing both at least 
one substituted or unsubstituted amino group and at least one nitrogen-containing ring structure and compounds hav- 
ing at least one alkyiamino group. Examples of such preferred compounds include substituted or unsubstituted guani- 
dine. substituted or unsubstituted aminopyridine. substituted or unsubstituted aminoalkylpyridines, substituted or 
unsubstituted aminopyrrolidine. substituted or unsubstituted indazole, substituted or unsubstituted pyrazole. substituted 
or unsubstituted pyrazine. substituted or unsubstituted pyrimidine. substituted or unsubstituted purine, substituted or 
unsubstituted imidazoline, substituted or unsubstituted pyrazoline, substituted a unsubstituted piperazine, substituted 
or unsubstituted aminomorpholine, and substituted or unsubstituted aminoalkylmorpholines. Preferred substituents 
include amino, aminoalkyi groups, alkyiamino groups, aminoaryl groups, arylamino groups. alkyI groups, alkoxy groups, 
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acyl groups, acyloxy groups, aryl groups, aryloxy groups, nitro. hydroxy, and cyano. Specific examples of especially pre- 
ferred organic basic compounds include guanidine, 1.1<Jimethylguanidine. 1J,3.3-tetramethylguanidine. 2-aminopyri- 
dine. 3-aminopyridine, 4-aminopyridine. 2-dimethylaminopyridine. 4-dlmethylaminopyridine. 2^iethylaminopyridine 2- 
(aminomethyl)pyridine. 2-amino-3-methyfpyridine. 2-amino-4-methylpyridine. 2-amino-5"methyIpyridine. 2-amino-6- 
methylpyridine. 3-aminoethylpyridine. 4-aminoethyIpyridine, 3-aminopyrrolidine, piperazine. N-(2-aminoethyl)pipera- 
zine. N-{2-aminoethyl)piperidine. 4-amino-2.2.6.6-tetramethylpiperidine, 4-piperidinopiperidine. 2-iminopiperidine. 1-(2- 
aminoethyl)pyrrolidine. pyrazole. 3-amino-5-methylpyrazoIe. 5-amino-3-methyl-1-p-tolylpyra'zole. pyrazine. 2-(ami- 
nomethyl)-5-methyIpyra2ine. pyrimidine. 2.4-diaminopyrimidine, 4,6<Jihydroxypyrimidine, 2-pyra2oline. 3-pyrazoIine. N- 
aminomorpholine. and N-(2-aminoethyl)morpholine. However, the organic basic compounds usable in the present 
invention should not be construed as being limited to these examples. 

Those nitrogen-containing basic compounds may be used alone or in combination of two or more thereof. The 
added amount of the nitrogen-containing basic compounds is usually from 0.001 to 1 0 parts by weight, preferably from 
0.01 to 5 parts by weight, per 100 parts by weight of the photosensitive resin composition (excluding the solvent). If the 
amount thereof is smaller than 0.001 part by weight, the effects of the present invention cannot be obtained. On the 
other hand, if it exceeds 10 parts by weight, reduced sensitivity and impaired developability at unexposed parts are lia- 
ble to be caused. 

Dyes suitable for use in the present invention are oil-soluble dyes and basic dyes. Examples thereof include Oil Yel- 
low #101. Oil Yellow #103. Oil Pink #312. Oil Green BG. Oil Blue BOS. Oil Blue #603. Oil Black BY Oil Black BS. Oil 
Black T 505 (ail manufactured by Orient Chemical Industries Ltd.. Japan), crystal violet (CI 42555). methyl violet (CI 
42535). rhodamine B (CI 451 70B). malachite green (CI 42000). and methylene blue (CI 52015). 

Spectral sensitizers such as those given below may be further added to sensitize the photo-acid generator used so 
as to exhibit absorption in a region of longer wavelengths than far ultraviolet, whereby the photosensitive composition 
of the present invention can be rendered sensitive to an i- or g-line. Examples of spectral sensitizers suitable for use in 
the present invention include benzophenone, p.p'-tetramethyldiaminobenzophenone, pp'-tetraethylethylaminobenzo- 
phenone, 2-chlorothloxanthone, anthrone. 9-ethoxyanthracene. anthracene, pyrene. perylene. phenothiazine. benzil. 
acridine orange, benzoflavin. cetoflavin T 9.10-diphenylanthracene. 9-fluorenone. acetophenone. phenanthrene. 2- 
nitrofluorene. 5-nitroacenaphthene. benzoquinone. 2-chloro-4-nitroaniline. N-acetyl-p-nitroaniline. p-nitroaniline. N- 
acetyl-4-nitro-1-naphthylamine. picramide. anthraquinone. 2-ethylanthraquinone. 2-tert-butylanthraquinone. 1.2-ben- 
zanthraquinone. 3-methyl-1.3-diaza-1.9-benzanthrone. dibenzalacetone. 1.2-naphthoquinone, 3,3'-carbonylbis(5.7- 
dimethoxycarbonylcoumarin). and coronene. However, the spectral sensitizers usable in the present invention should 
not be construed as being limited to these examples. 

Those spectral sensitizers can be used also as light absorbers for absorbing the far ultraviolet emitted by a light 
source. In this case, the light absorber reduces light reflection from the substrate and lessens the influence of multiple 
reflection within the resist film, thereby producing the effect of diminishing standing wave. 

For application to a substrate, the photosensitive composition of the present invention is used in the form of a solu- 
tion in a solvent in which the ingredients described above dissolve. Preferred examples of the solvent include ethylene 
dichloride. cyclohexanone. cyclopentanone. 2-heptanone, y-butyrolactone. methyl ethyl ketone, ethylene glycol mono- 
methyl ether, ethylene glycol monoethyl ether. 2-methoxyethyl acetate, ethylene glycol monoethyl ether acetate, propyl- 
ene glycol monomethyl ether, propylene glycol monomethyl ether acetate, toluene, ethyl acetate, methyl lactate, ethyl 
lactate, methyl methoxypropionate. ethyl ethoxypropionate. methyl pyruvate, ethyl pyruvate, propyl pyruvate. N.N- 
dimethylformamide. dimethyl sulfoxide, N-methylpyrrolidone. and tetrahydrofuran. These solvents may be used alone 
or as a mixture thereof. Preferred examples of the solvent include esters such as 2-methoxyethyl acetate, ethylene gly- 
col monoethyl ether acetate, propylene glycol monomethyl ether acetate, methyl methoxypropionate. and ethyl ethoxy- 
propionate. Use of such a solvent is advantageous in that the photo-acid generator represented by general formula (I) 
or (II) according to the present invention has good compatibility therewith and better solubility therein. 

A surfactant can be added to the solvent. Examples of the surfactant include nonionic surfactants such as polyox- 
yethylene alkyl ethers, e.g.. polyoxyethylene lauryl ether, polyoxyethylene stearyl ether, polyoxyethylene cetyl ether, and 
polyoxyethylene oleyl ether, polyoxyethylene alkylaryl ethers, e.g.. polyoxyethylene octylphenol ether and polyoxyethyl- 
ene nonylphenol ether, polyoxyethylene/polyoxypropylene block copolymers, sorbitan/fatty acid esters, e.g., sorbitan 
monolaurate. sorbitan monopalmitate, sotbitan monostearate. sorbitan monooleate. sorbitan trioleate, and sorbitan tri- 
stearate. and polyoxyethylene-sorbitan/fatty acid esters, e.g.. polyoxyethylene sorbitan monolaurate. polyoxyethylene 
sortDitan monopalmitate. polyoxyethylene sorbitan monostearate. polyoxyethylene sorbitan trioleate, and polyoxyethyl- 
ene sorbitan tristearate; fluorochemical surfactants such as F-Top EF301 . EF303. and EF352 (manufactured by New 
Akita Chemical Company. Japan), Megafac F1 71 and F1 73 (manufactured by Dainippon Ink & Chemicals. Inc.. Japan). 
Fluorad FC430 and FC431 (manufactured by Sumitomo 3M Ltd.. Japan). Asahi Guard AG710 and Surflon S-382. 
SCI 01. SCI 02. SCI 03. SC104. SCI 05. and SCI 06 (manufactured by Asahi Glass Co.. Ltd., Japan); organosiloxane 
polymer KP341 (manufactured by Shin-Etsu Chemical Co.. Ltd., Japan); and acrylic or methacrylic (co)polymers Poly- 
flow No. 75 and No. 95 (manufactured by Kyoeisha Chemical Co., Ltd.. Japan). The added amount of the surfactant is 
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n!!;^'^^.^''*^ ^^^'^^^ °' ''^"^'^ ■* P^^* ^ ^^^^ °' P®^ parts by weight of the solid comm 

nents of the composition of the present invention. y weiam onne soiia compo- 

The surfactant may be added alone or in combination of two or more thereof 

A satisfactory resist pattern can be obtained by applying the photosensitive composition described above on a suh 
strate such as those for use in the production of precision integrated-circuit elemertsCe.g. , siSSn^oXoat^ 

;r^a^^:x:;rrr^ 

As a developing solution for the photosensitive composition of the present invention, use can be made of an alka 
line aqueous solution of an inorganic alkali, e.g.. sodium hydroxide, potassium hydroxk^e soSfum caTonate so^ 
silicate, sodium metasilicate. or ammonia water, a primary amine e a ethvlaminp rv n 1^ V sodium 
amine. e.g.. dieth^amine or dl-n-but^amine. a tertiary amL. e^' tin^S:^: ^e^SZL^ ^^^S 
amine, e.g., dimethylethanolamine or triethanolamine, a quaternary ammonium salt ZI^^k . 
hydroxide or tetraethylammonium hydroxide, a cydic amine, e.g.. pynole o~ne a -^^^lammonium 

and I su^^nt ^ "^^ ^" ^P^°P^'^'« ^'"^""t of an alcohol 

becS^a^S^Ji'S''"^'^'"^ 
EXAMPLES 

SYNTHESIS EXAMPLE nv. Svnlhesis of CompounH (l-i) 

was '^^^Z'^ t ""'"'"^ water was diluted 33.2 g of a 45% aqueous solution of triphenylsulfonium chloride. Thereto 
was added dropwise over a penod of 1 hour an aqueous solution prepared by dissolving 1 7 4 g of commercial so^ !m 

S^7nfrT'''f ' ^'"^ *" °' '^'^'"'"^ viscous white ^ecSre was w2h^ 

With distilled water, subsequently dissolved in methanol, and then aystallized from distilled water The soTid obSnS 
was vacuum-dried at 50=C to obtain 30 g of Conpound (1-1) as a while solid. 

SYNTHESIS EXAMPLE t^Y S ynthesis of Cnmoound 

Into a reaction vessel equipped with a stirrer, condenser, thermometer, and dropping device were introduced 15 1 
D !Sr2 f^'^^^"' homogeneous solution was added dropwise over a period of 30 minutes an aqueous solutS, 

llr'v:^saSo^:Se"'^ 

mL oTdSSS water ^Zlf ' ' " "^'^''^'^ °' triphenylsulfonium chloride with 300 

^rLvHK u T "^'"f"*'^® ^ °' 2° ""'""tes to the aqueous solution of a hydrolyzated triiso- 

3LTS™nr(?s)trhSr^ 

SYNTHESIS EXAMPLF (■•^)- Synthesis of Cnnmound fl-Pfi) 

\Mth 300 mL of distilled water was diluted 33.2 g of a 45% aqueous solution of triphenylsuHbnium chloride Thereto 

wS^^til^ T'^T"''""r":' " °' ^'"'"^ "^^ ^^"^"^ viscous whHe preciprtatelSs wS,^ 

with distilled water, subsequently dissolved in methanol, and then crystallized from dfetilled water. The solid obSnS 
was vacuum-dried at SO'C to obtain 33 g of Conpound (1-26) as a white solid. ootained 

SYNTHESIS EXAMPLE (A)- Sy nthesis of nnmp nt.rvi (i-.i;) 

Dlaclof ^frllJlTS"'" Z ^'^^^ »^^' « diphenyliodonium salt was used in 

place of triphenylsulfonium chloride. Thus, compound (I'-S) was synthesized. 

SYNTHESIS EXAMPI F (fi) Sy nthesis of Comp nnnri (II.1) 

Into a four-necked flask equipped with a reflux condenser, thermometer, dropping device, and stirrer were intro- 
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duced 5 g of N-hydroxyphthalimide, 5.8 g of p-toluenesu!fonyl chloride, and 100 mL of acetone. Thereto was added 
dropwise, with stirring, 3.26 g of triethylamine over a period of 30 minutes. This mixture was continuously stirred at room 
temperature for 1 hour. The reaction mixture obtained was poured into distilled water to conduct crystallization, and the 
resultant particulate precipitate was taken out by filtration. Thus, 9.6 g of Compound (11-1) was obtained. 

SYNTHESIS EXAMPLE (6): Synthesis of Compound (11-15) 

Into a four-necked flask equipped with a reflux condenser, thermometer, dropping device, and stirrer were intro- 
duced 28.4 g of N-hydroxylamine (hydrochloride) and 100 mL of distilled water. Thereto was added dropwise over a 

70 period of 20 minutes an aqueous solution prepared by dissolving 1 5.8 g of sodium hydroxide in 50 mL of distilled water. 
After completion of the addition, 50 g of methylmaleic anhydride was added. This mixture was stirred at room temper- 
ature for 3 hours and then further stirred with heating and refluxing for 3 hours. After completion of the reaction, an 
aqueous hydrochloric acid solution was added to the reaction mixture. The resultant mixture was saturated with sodium 
chloride and then extracted with ethyl acetate. The ethyl acetate solution obtained was concentrated to obtain crude 

15 crystals of an N-hydroxylated imide of methylmaleic anhydride. This reaction product was recrystallized from toluene to 
obtain 32 g of crystals of the N-hydroxylated imide of methylmaleic anhydride. 

Into the same apparatus were introduced 5 g of the N-hydroxylated imide of methylmaleic anhydride obtained 
above. 7.3 g of p-methoxybenzenesulfonyl chloride, and 100 mLof acetone. Thereto was added dropwise, with stirring, 
3.76 g of triethylamine over a period of 30 minutes. This mixture was continuously stirred at room temperature for 1 

20 hour. The reaction mixture obtained was poured into distilled water to conduct crystallization, and the resultarrt particu- 
late precipitate was taken out by filtration. Thus. 10.2 g of Compound (11-15) was obtained. 

SYNTHESIS EXAMPLE (7) : Synthesis of QpmpQMnd (H-1g ) 

25 The same procedure as in Synthesis Example (6) was conducted, except that 2-mesitylenesuHbnyl chloride was 
used in place of p-methoxybenzenesulfonyl chloride. Tlius, Compound (11-16) was synthesized. 

SYNTHESIS EXAMPLE (8^ Synthesis of Alkali-soluble Resin a 

30 The following ingredients were dissolved in 1 20 ml of butyl acetate. 



p-Acetoxystyrene 

27.5 g (0.17 mol) 

35 

Styrene 

3.15 g (0.030 mol) 


To the solution was added 0.033 g of azobisisobutyronitrile (AlBN) three times at an interval of 2 hours with stin-ing 
at 80°C in a nitrogen stream. After the final addition thereof, the mixture was continuously stirred for 2 hours to conduct 
a polymerization reaction. The resultant reaction mixture was poured into 600 ml of hexane to precipitate a white resin. 
40 The resin obtained was dried and then dissolved in 150 ml of methanol. Thereto was added an aqueous solution 
consisting of 7.7 g (0. 1 9 mol) of sodium hydroxide and 50 ml of water. This mixture was heated with refluxing for 3 hours 
to hydrolyze the resin, subsequently diluted with 200 ml of water, and then neutralized with hydrochloric acid to precip- 
itate a white resin. 

The resin precipitated was taken out by filtration, washed with water, and then dried to obtain 21 g of the resin. 
45 Through NMR spectrometry, this resin was found to be made up of p-hydroxy styrene units and styrene units in a ratio 
of about 85/1 5- Through GPC, the resin was found to have a weight-average molecular weight of 27.000. The molecular 
weight distribution thereof was 1 .9. 

SYNTHESIS EXAMPLE (9): Synthesis of Resin A (resin having groups capable of decomposing by the action of acid 
so to enhance solubility in alkaline developing solution) 

In 250 ml of dehydrated tetrahydrofuran was dissolved 48. 1 g of poly(p-hydroxystyrene) (weight-average molecular 
weight, 1 1 ,000; molecular weight distribution. 1.10; used after vacuum drying with heating). To this solution maintained 
at room temperature were added 17.5 g of t-butyl vinyl ether and 0.19 g of p-toluenesulfonic acid monohydrate. After 
55 the atmosphere in the vessel was replaced with nitrogen, the vessel was sealed and the contents were stirred at room 
temperature for 20 hours. Thereafter, the reaction mixture was neutralized with triethylamine and then poured with stir- 
ring into a solution consisting of 3 liters of ion-exchanged water and 3 g of triethylamine. The resin precipitated was 
taken out by filtration, washed with water, and then vacuum-dried at 70''C. Thus, 56 g of a white resin was obtained. It 
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weight distribution of l .25, and a degree of protection of 38%. "loiecuiar weight of 15.000. a molecular 

SYNTHESIS EXAMPI P ( in ): Synthesis of Rp-^in R 

The following ingredients were dissolved in 250 ml of dehydrated tetrahydrofuran. 


Polyjp-hydroxystyrene) (weight-average molecular weight; 11.000. molecular weight distribution 1 lo" 
used after vacuum drying with heating) wsiriDuiion. i . i q. 

1 .4-Dihydroxycyclohexane 


48.1 g 
0.47 g 


Tot'i'SsolutionmaintainedatroomtenperaturewereaddedU.OgGft-butylvinvletherpnriniQnnfr.t^i 
fonic add monohydrate. After the atmosphere in the vessel was replaced with n' it^g „ h vlel w^^^^^^^^ 
contents were stin-ed at room temperature for 20 hours Thereafter th^ ro=i^:^« 1 ^ 

SYNTHESIS EXAMPI F Synthftsis nf Ro^in r. 

The same procedure as in Synthesis Example (1 0) was conducted excpnt that vp finnn 
lar weight. 8.500: degree of dispersion. 1.12). manubcLred by Con sSa Co Sd j.^n ^ZT^"""^'^^' T"'"" 
i^ation. was used as an unprotected starting resin. Thus rel C waf sym^^^^^^ 
molecularweightof29.000.amc.«:u.arweightdistributionof1.75.an:a^^^^^^^^ 

SYNTHESIS EXAMPLE Syn ttiesis of Dissnl.rtinn InhihitivP Cnm pn, .nH (;| 

K«';"rhXr^^^^^^^ 

(0.33 mol) Of cumyl bromoacetate. The resultant mixture 

Of ion-exchanged water This mixture was neutralized with acetic acid and then extract^ ethyl acJtSe Sie ^h^ 
acetate solution resulting from the extraction was concentrated and the residue ^^^7^nrma^H , u ' ^ 
Phy (column pacldng. silica gel; developing solvent, ethyl SJn hl^Le!?^^^^^^^^ jiTZ tlT^T' 
inhibitive compound (18) (each R is -CH(CH3)0-C2H5) was obtained ^ ' ^ °* 

SYNTHESIS EXAMPLE (13): Svnthesis of Dis. ^ lution Inhlhitivp Comnn.inft (ii) 

In 400 ml of diethyl ether was dissolved 20 g of a.a' a"-trisf4-hvdraxvnhprn/i\ i r> = 
solu^on were added 3.6 g of 3.4.iihydro-2H-pyra'n and a'cata^c ^^X™^^ 

esiZl refSn ^c!lT "^^ '^"^ •^'^ by distillation, a^d the 

[sXh ml a ThC^S ^ Chromatography and dried to obtain dissolution inhibitive compound 

Preparation and Evaluation of Photosensi tive Compositions ( Rftsistg) 

show?r,r.l!LTh.Tp°''*'T ""^^ ""T'^ compounds according to the present invention which were 

.ra^^d'^^ryl^^^^^^^^^^ 

thvi ^h? '■^"f ♦ P^.epared by dissolving the solid ingredients shown in Table 1 in 9.5 g of propylene glycol monome- 
L^friato S.r'''"'""' " 0.2-,mfitter This resist solution was appiieS to a sE w2^5, 

S™a^hl^4^^^^^^^ 
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The obtained resist films were exposed to light using a 248 nm KrF excimer laser stepper (NA=0.42). Immediately 
after the exposure, the resist films each was heated with a lOO^C vacuum suction type hot plate for 60 seconds, sub- 
sequently immersed for 60 seconds in a 2.38% aqueous solution of tetramethylammonium hydroxide (TMAH). rinsed 
with water for 30 seconds, and then dried. The thus-obtained resist patterns on silicon wafers were evaluated for prof iie. 
sensitivity, and resolving power by the following methods and compared. The results obtained are shown in Table 2. 

Profile 

The thus-obtained resist patterns on silicon wafers were examined with a scanning electron microscope, and the 
SEM photographs were visually evaluated for profile, in particular, standing wave and collapse. With respect to standing 
wave, the patterns judged to be allowable are indicated by "A", and those judged to be unallowable are indicated by "B". 
With respect to collapse, the patterns in which collapse was observed are indicated by "C". while those in which col- 
lapse was not observed are indicated by "A". The patterns which had suffered marked undercut at the pattern interface 
and had the fear of collapse are indicated by "B". 

Sensitivity 

Sensitivity is expressed in terms of the exposure amount necessary for reproducing a 0.35-Mm mark pattern. 
Resolving Power 

Resolving power is expressed in terms of threshold resolution at the exposure amount necessary for reproducing 
a 0.35-nm mask pattern. 

Line Width Difference between Heating immediately after Exposure and Heatino at 2 Hours after Exp osure 

After exposure was conducted in the same manner as described above, the resist films were allowed to stand for 
2 hours and then heated in the same manner. Immediately thereafter, the resist films were developed with the develop- 
ing solution shown above. The line width of each of the 0.35-fim mask pattern obtained was measured, and the differ- 
ence between this found value and that of the corresponding 0.35-^m mask pattern obtained through heating 
immediately after exposure was calculated. The resist patterns in which that difference was below 10% are indicated 
by "A", and those in which that difference was 10% or larger are indicated by "B". 
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Table 1 


70 


25 


40 


50 



Formulations for Resists 


Photo -a 
ator 

cid Gener- 
(1). (!•) 

Photo-acid Gener- 
ator (11) 

Resin 

Dissolution 
Inhibitive Com- 
pound 

Ai Kail- 
soluble 
Resin 

AlKali- 
soluble 

Low 
molec- 
ular 
Com- 
pound 

TPl (mg) 


Kind 

Amount 
(mg) 

Kind 

Amount 
(mg) 

Kind 

Amount 

(9) 

Kind 

Amount 
(9) 




Ex. 1 

M 

50 

1 


D 






10 

Ex.2 

1-9 

50 


70 







10 

Ex.3 

1-26 

50 

1 ^ 

in 

R 

lo 





10 

Ex. 4 

r-5 

50 

1 o 

7n 
f u 

p 

D 

el. lo 





10 

Ex. 5 

1-1 

50 

-f 
1 


D 
ID 

O i D 





10 

Ex. 6 

1-26 

40 

16 

80 

B 

2.18 





10 

Ex.7 

1-1 

40 

1/15 

40/40 

C 

2 18 





10 

Ex. 8 

1-9 

40 

1/15 

40/40 

C 

2.18 





10 

Ex. 9 

1-26 

50 

1/15 

35/35 

0 

2.18 





10 

Ex.10 

1-1 

10 

16 

110 

c 

2.18 





10 

Ex.11 

1-1 

110 

15 

10 

A 

2.18 





10 

Ex.12 

1-1 

100 

15 

20 

A 

2.18 





10 

Ex.13 

1-1 

60 

15 

60 

C 

1.9 

(i) 

0.2 

bO.I g 


10 

Ex.14 

1-1 

60 

15 

60 

B 

1.9 

(i) 

0.2 


0.1 g 

10 

Ex.15 

1-1 

90 

16 

30 



(i) 

0.4 

a 2.0 g 


10 

Ex.16 

1-1 

100 

16 

20 



(ii) 

0.4 

a2.0g 


10 

Comp. 
Ex. 1 

111 
III 

1 

IV 

125 

B 

2.5 





10 

Comp. 
Ex.2 

111 

12.5 

V 

280 

B 

2.5 





10 

Comp. 
Ex.3 

III 

120 

V 

120 

B 

2.5 





10 

Comp. 
Ex. 4 

1-1 

120 



B 

2.18 





10 

Comp. 
Ex. 5 



11-1 

120 

B 

2.18 





10 


Comparative photosensitive material (111): 
55 Triphenylsulfonium tr'rf late 

Comparative photosensitive material (IV); 

Trls-2,3-dibromopropyi isocyanurate 
Comparative photosensitive material (V): 
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5-Diazomerdorum acid 
Alkali-soluble resin b: 

VP-8000, manufactured by Nippon Soda Co.. Ltd. 
Alkali-soluble low-molecular compound: 

1-[a-Methyl-a-{4'-hydroxyphenyl)ethyl]-4-[a\a'-bis(4"-hydroxyphenyl)ethyl]benzen 


Table 2 


Results of Resist Evaluation 


Sensitivity 
(mJ/cm^) 

Resolving 
Power (fxm) 

Line width differ- 

heating Immedi- 
ately after expo- 
sure ana neaung 
at 2 hr after 
exposure 

Profile 





Profile 

Standing Wave 

Collapse 

Ex. 1 

32 

0.27 

A 

rectangular 

A 

A 

Ex. 2 

33 

0.27 

A 

rectangular 

A 

A 

Ex. 3 

31 

0.27 

A 

rectangular 

A 

A 

Ex.4 

30 

0.27 

A 

rectangular 

A 

A 

Ex.5 

29 

0.27 

A 

rectangular 

A 

A 

Ex.6 

34 

0-26 

A 

rectangular 

A 

A 

Ex. 7 

33 

0.27 

A 

rectangular 

A 

A 

Ex.8 

34 

0.27 

A 

rectangular 

A 

A 

Ex. 9 

33 

0.27 

A 

rectangular 

A 

A 

Ex. 10 

34 

0.28 

A 

rectangular 

A 

A 

Ex. 11 

28 

0-26 

A 

rectangular 

A 

A 

Ex. 12 

29 

0.26 

A 

rectangular 

A 

A 

Ex. 13 

31 

0.27 

A 

rectangular 

A 

A 

Ex. 14 

32 

0.27 

A 

rectangular 

A 

A 

Ex. 15 

28 

0.27 

A 

rectangular 

A 

A 

Ex. 16 

27 

0.27 

A 

rectangular 

A 

A 

Comp. Ex. 1 

26 

0.29 

B 

rectangular 

A 

C 

Comp, Ex. 2 

40 

0.32 

B 

rectangular 

A 

C 

Comp. Ex. 3 

25 

0.30 

B 

trapezoidal 

A 

C 

Comp. Ex. 4 

26 

0.26 

B 

rectangular 

B 

C 

Comp. Ex. 5 

36 

0.31 

A 

rectangular 

A 

A 


The results given in Table 2 show that the resists of the present invention were photosensitive compositions which 
had high sensitivity and high resolving power, reduced line width decrease with the lapse of time from exposure to heat 
treatment, and gave a resist pattern having a satisfactory profile having residual standing wave in an allowable degree 
and suffering no collapse. 

As demonstrated above, the chemically amplified positive photosensitive composition of the present invention is 
excellent in sensitivity and resolving power, undergoes neither a decrease in resist pattern line width nor the formation 
of a T-top resist pattern surface with the lapse of time from exposure to heat treatment, and is reduced in residual stand- 
ing wave and collapse. 
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While the invention has been desaibed in detail and with reference to specific embodiments thereof It will be 
thTSI^s^e J^^^^^^^^ depaCJlom 

Claims 

1 . A positive photosensitive conposition comprising: 

a resin having groups capable of decomposing by the action of an acid to enhance solubility of the resin in an 
alkaline developing solution and ' ^" 

a oompourKl represented by formula (I) or (I ) and a conpound represented by formula (II) as compounds 
capable of generating a sulfonic acid upon irradiation with actinic rays or radiation: compounds 



X 


(I') 


wherein 

R, to Rs. which may be the same or different, each represents a hydrogen atom, an alkyi group, a cycloalkyi 
group, an alkoxy group, a hydroxy group, a halogen atom, or a group represented by -S-R.o where R,, repre- 
sents an alkyI group or an aryl group, and leitsniarepre 
Rg to Ra. Which may be the same or different, each represents a hydrogen atom, an alky! group, a cycloalkyi 
group, an alkenyl group, a group represented by -COOR13 where R,3 represents an alkyI group or an alkenyl 
group, or a group represented by -OCOR14 where R,4 represents an alky) group or an alkenyl groip 
providol that at least one of Re to Rg is an alkyI group, a cycloalkyi group, a group represented by -COOB,, 
a group represented by -OCOR14. or an alkenyl group, and that when two of R^ to Rs are a hydrogen atom 
thenthe remaining one represents an alkyI group having 6 carbon atoms or more, a cycloalkyi grom having 5 
carbon atoms or more, an alkenyl group having 6 carbon atoms or more, a group represented by -COOR,, 
where R,3 is an alkyI or alkenyl group having 5 carbon atoms or more, or a group represented by -OCOR ! 
where Ri4 IS an alkyI or alkenyl group having 5 carbon atoms or more; 

o 

11 N-0-S02-R11 (II) 


wherein 

Ci and C2 each is a carbon atom and are bonded to each other through a single bond or a double bond. 
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Rg and R^q. which may be the same or different, satisfy any of the following (1) to (4): 

(1) R9 and Rio each independently represents a hydrogen atom, an alkyi group, a cycloalkyi group or an 
ary! group. 

(2) Rg and R^q. in combination with Ci and C^. form a mono- or polycyclic group which may contain one 
or more heteroatoms. 

(3) Rg and Rto form a fused aromatic ring containing and Cg. 

(4) at least one of Rg and R^o represents a residue containing an N-sulfonyloxyimldo; and 

R11 represents an alkyI group, a halogenated alky! group, a cycloalkyi group, an alkenyl group an aryl group 
which may have substituent(s). an aralkyf group which may have substituent(s). or a camphor group, 

2. The positive photosensitive composition of claim 1 . which contains a low-molecular acid-decomposable dissolution 
inhibitive compound having a molecular weight of 3.000 or lower which has groups decomposable by an acid and 

15 shows enhanced solubility in an alkaline developing solution by the action of an acid. 

3. The positive photosensitive composition of claim 1 or 2. which contains a resin insoluble in water and soluble in an 
aqueous alkali solution. 

20 4. The positive photosensitive composition of any one of claims 1 -3. wherein the resin having groups which decom- 
pose by the action of an acid to enhance solubility in an alkaline developing solution has acetai groups as the acid- 
decomposable groups. 

5. The positive photosensitive composition of any one of claims 1-4. which further contains a low-molecular com- 
25 pound having a molecular weight of 1 .000 or lower which is insoluble in water and soluble in an aqueous alkali solu- 
tion. 

6. A positive photosensitive composition comprising: 

a compound represented by formula (I) or (r) and a compound represented by formula (II) as compounds 
which generate a sulfonic acid upon irradiation with actinic rays or radiation: 


30 


35 


40 


45 


SO 



(I') 


wherein 

Ri to R5, which may be the same or different, each represents a hydrogen atom, an alkyl group, a cycloalkyi 
group, an alkoxy group, a hydroxy group, a halogen atom, or a group represented by -S-R12 where R12 repre- 
sents an alkyl group or an aryl group, and 

Re to Re. which may be the same or different, each represents a hydrogen atom, an alkyl group, a cycloalkyi 
group, an alkenyl group, a group represented by -COOR^a where R13 represents an alkyi group or an alkenyl 
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group, or a group represented by -OCOR,^ where R,4 represents an alkyi group or an alkenyl groip 
provided that at least one of Rg to R^ is an alkyI group, a cydoalkyi group, a group represented by -COOR,, 
a group represented by -OCOR,^. or an alkenyl group, and that when two of Rg to are a hydrogen atom 
then the remaining one represents an alkyI group having 6 carbon atoms or more, a cydoalkyi grotp having 5 
ca*on atoms or riiore. an alkenyl group having 6 carbon atoms or more, a group represented by -C00R,3 
where R^g is an alkyI or alkenyl group having 5 carbon atoms or more, or a group represented bv -OCOR 
where R14 is an alkyI or alkenyl group having 5 carbon atoms or more; represented by OCOR14 

O 

li N-0-S02-Rn (II) 


wherein 


C, and C2 each is a carbon atom and are bonded to each other through a single bond or a double bond 
H9 and H10. which may be the same or different, satisfy any of the following (1) to (4): 

art^gr^ ^^''^ independently represents a hydrogen atom, an alkyI group, a cydoalkyi group, or an 

(2) Rg and R10. in combination with C, and C^. form a mono- or polycyclic group which may contain one 
or more heteroatoms. 

(3) Rg and R^q form a fused aromatic ring containing C, and Cg. 

(4) at least one of Rg and R10 represents a residue containing an N-sutfonyloxyimido: and 

R11 represents an alkyI group, a halogenated alkyI group, a cydoalkyi group, an alkenyl group, an aryl group 

Which may have substituent(s), an aralkyi group which may have substituent(s). or a camphor group 

a low-molecular acid-de«)mposable dissolution inhibltive compound having a molecular weight of 3 000 or 

iTt'n h «, decomposable by an add and shows enhanced solubility in an alkaline developing 

solution by the action of an acid, and ^ ^ 

a resin insoluble in water and soluble in an aqueous alkali solution. 

The pc^itive photosensitive composition of claim 6. which further contains a low-molecular compound havina a 
molecular weight of 1 .000 or lower which is insoluble in water and soluble in an aqueous alkali sSon 
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(57) A positive photosensitive composition comprising: 
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Thesubstrtuents ,n these formulae are as defined in the specification. The positive photosensitive composition has 
hrgh sens.ttv.ty and high resolving power, undergoes neither a decrease in resist pattern line width nor the forma- 
tion of a T-top resist pattern surface with the lapse of time from exposure to heat treatment, and exhibits less profile 
deterioration such as residual standing wave and collapse. 
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